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ACHE Plutonium Project was assigned 
; the task of making and purifying the 

ificial element plutonium for use in 
atomic bombs. The method of making 


itonium utilized the nuclear reaction 
between neutrons and uranium’, the 
Meutrons being excess from a so-called 
fuclear chain reaction maintained by other 


eutrons and uranium’®, The uranium** 
fand uranium** were not separated. They 
Were in their natural mixed condition. 
The fact that the chain reaction was 
fised meant that according to pre-war 
Standards fantastic amounts of gamma 
fays and fast and slow neutrons would be 
emitted in a chain reactor of any consider- 
ble magnitude. We were familiar, to 
@ certain extent, with these radiations 
Delore the war, but we had had no experi- 
ence whatever with the large amounts 
anticipated in a chain reactor. 
» In addition to the tremendous potential 
jazards due to the radiations emitted in 
the chain reaction, there were also enor- 
mous hazards to be anticipated in the 
pu ification of the plutonium, since pluto- 
mum was formed in masses of uranium 
ad had to be separated from that element. 
breover, included in this mixture was a 
#atge variety of so-called fission products 
#ormed in the fission of uranium? after 
ms absorption of a neutron. These 
mssion products are highly diverse in 


their chemical natures and in the types 
and energies of the radiations which they 
emit. They are all radioactive. Con- 
sequently, it was rightly anticipated that, 
unless stringent control measures were set 
up, it would be very easy for personnel 
to take into the body, by ingestion, in- 
halation, or through wounds, certain of 
these fission products, to say nothing of 
plutonium itself, which is also radioactive. 

It was early recognized in the Project 
not only that control measures must be 
set up but that it might be an excellent 
idea to carry out extensive and, so far as 
possible, intensive radiobiological research 
with a view to learning how hazardous the 
various radiations are, to what degree the 
dangerous radioactive substances may be 
taken into the body by various routes, 
how long they stay in the body, where 
they stay while there, and how dangerous 
any definite amount thus retained may be. 

The radiobiological work of the Pluto- 
nium Project was carried out at various 
sites. During the war all of these sites 
were under the direction of one of your 
colleagues whom you know well—Dr. 
Robert S. Stone. The sites where most 
of the research was carried out were the 
University of California; the Metallurgical 
Laboratory of the University of Chicago, 
which is now the Argonne National Labo- 
ratory; Clinton Laboratories near Oak 
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Ridge, Tennessee; and the National Can- 
cer Institute. 

I might also point out that the Pluto- 
nium Project was only one part of the 
gigantic Manhattan District and that 
other radiobiological work was carried 
on in the District aside from that in the 
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Plutonium Project, the most active sites 
being at the University of Rochester and 
at Columbia University. 

The papers in the present Symposium 
represent a small portion of the tota) 
radiobiological results obtained at the 
various sites of the Plutonium Project. 


SUMARIO 


Introduccién al Certamen sobre el Plutonio 


El Proyecto del Plutonio representa la 
parte del gigantesco ‘‘Distrito de Man- 
hattan,’”’ dedicada a la produccién y puri- 
ficaci6n del elemento artificial plutonio 
para empleo en las bombas atémicas. En 
relaci6én con el proyecto se inicié un plan 


de investigaci6n radiobiolégica a fin de 
determinar la naturaleza y alcance de los 
riesgos derivados de la radiacié6n en el 
mismo. Los trabajos que figuran en ¢ 
certamen actual representan una pequefia 
porcién de dicha investigacién. 
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ARLY IN the history of the Plutonium 
E Project, months before the first chain 
reacting pile was built, it was realized that 
both fast and slow neutrons would leak 
from any operating pile of finite dimen- 
sions and thus constitute radiation hazards. 

Fast neutrons, of course, were not a new 
radiobiological agent in 1942; reports of 
their various biological effects had been 
accumulating since 1935. 

With slow neutrons, however, there 
had been no radiobiological experience, 
because the earlier sources of neutrons, 
such as cyclotrons, had not been suitable 
for such investigations. Certain it was 
that slow neutrons would have radio- 
biological action, because it was known 
that slow neutrons were captured by and 
would react with the nuclei of many of the 
kinds of atoms found in tissues; each of 
these nuclear reactions was known to pro- 
duce ionizing particles by some means, di- 
rect or indirect, and in many cases a signifi- 
cant fraction of the ionizing energy of these 
particles was certain to be absorbed in the 
nearby tissues. 

For each of these nuclear reactions, 
data were available concerning the prob- 
ability that the reaction would occur, and 
ifit did, how much radiation energy would 
be released and what types of ionizing 
particles would be produced. 

Also, from the extensive literature of 
general radiobiology then in existence, 
there was a fair knowledge of the relative 
effectiveness of the various kinds of ion- 
izing particles in producing injury. Ac- 
cordingly, it was possible to calculate the 
efiectiveness of a given number of slow 
neutrons absorbed by the body, if one 
Were satisfied with two implicit assump- 
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tions: first, that we were aware of all of 
the nuclear reactions of slow neutrons 
with the various atomic species in the 
body; second, that the effectiveness of 
the various types of ionizing particles was 
not affected by some unknown physical 
mechanism or by the peculiarities of their 
places of production and absorption. 

In view of these two uncertainties, it 
was considered desirable to compare the 
calculations of effectiveness against direct 
measurement. The principle of such a 
comparison is very simple: first, expose 
samples of some certain biological object 
to graded doses of slow neutrons and thus 
determine the number of slow neutrons 
which must be captured in order to produce 
a given amount of biological effect ; second, 
compare the number so determined with 
the number predicted by calculation to be 
necessary to produce the same amount of 
biological effect. 

The experiments were carried out at 
Clinton Laboratories, Oak Ridge, Ten- 
nessee, in 1944, with the collaboration of 
Dr. J. R. Raper and the assistance of 
Mr. E. F. Riley and Mr. G. E. Staple- 
ton. The biological effect studied was 
acute lethal action on mice. 

The shield of the Clinton pile was con- 
structed with two tunnels so located that 
animals could be placed on a special car- 
riage and pushed inside the shield to a 
position where they were exposed to the 
neutrons leaking from the pile proper. 
Mice were exposed in groups of twenty- 
four in a special bismuth container 
mounted on a tunnel carriage. The bis- 
muth was so arranged as to shield the en- 
tire group of mice from gamma rays 
emitted from the materials of the carriage 


‘This paper is a brief version of a longer report to appear in the Plutonium Project Record of the Manhattan 
The work was done at Clinton Laboratories, near Oak Ridge, Tennessee, under Con- 
Presented at the Thirty-second Annual Meeting of the Radio- 


logical Society of North America, Chicago, Ill., Dec. 1-6, 1946. 
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when they captured neutrons and also to 
shield each animal from gamma rays 
emitted by its neighbors. Bismuth itself 
emits relatively very few gamma rays 
under these conditions. 

The various groups of mice were exposed 
to graded doses of slow neutrons as deter- 
mined by measuring the radioactivity in- 
duced in suitable metal foils. The number 
of mice surviving for three weeks was plot- 
ted against dose, and the resulting curve 
showed that the 50 per cent survival dose 
was 4.2 X 10’ slow neutrons per square 
centimeter of mouse. 

This dose of slow neutrons, under the 
conditions of the experiment, was as- 
sociated with the following measurable and 
calculable partial doses due to ionizing 
agents of various origin: 

1. Fast neutrons. Under the condi- 
tions of the experiment, the slow neutrons 
were badly contaminated with fast neu- 
trons. These were measured directly in 
n-units in the usual way. (The n is the 
amount of fast neutron radiation which 
produces one scale reading of a Victoreen 
r-meter equipped with a standard 100 r 
chamber.) The dose of fast neutrons 
which accompanied 4.2 X 10! slow neu- 
trons per square centimeter was 45 n. 

2. Gamma rays, almost entirely origi- 
nating in capture reactions. The chief of 
these reactions was capture of neutrons 
by hydrogen nuclei to form deuterium 
nuclei plus gamma rays. The dose of 
gamma rays associated with 4.2 K 10” 
neutrons per square centimeter was cal- 
culated to be 84 r. 

In an earlier experiment it had been 
found that gamma rays and fast neutrons 
are additive in producing acute lethal 
action on mice, but that 1 n of fast neutrons 
was lethally equivalent to 9.2 r of gamma 
rays. Accordingly, the 84 r of gamma 


rays due to capture reactions could be 
considered equivalent to 84/9.2 or 9 n of 
fast neutrons. 

3. Protons and carbon nuclei produced 
by the transmutation of body nitrogen. 
Nitrogen" plus a neutron yields a fast 
proton and a fast nucleus of carbon". 
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These two ionizing particles fly apart 
from the point at which the nitrogen 
nucleus captures the neutron; they pro- 
duce ionization tracks very similar to 
those produced by the atomic nucle 
ejected from body atoms by fast neutrons 
and therefore can be considered to have 
the same biological effectiveness per unit 
of energy absorbed. 

Since the kinetic energies of the proton 
and carbon nucleus are known and the 
probability of their production by neutron 
capture is also known, it is possible to 
calculate the total energy absorbed by 
the tissues from these ionizing particles 
and hence to calculate in roentgen equiva- 
lents the dose of them received by a 
mouse during an exposure which results 
in 50 per cent survival. This dose turned 
out to be 136 roentgen equivalents. For 
comparison with the fast neutron and 
gamma ray contributions described above, 
it is desirable to express these 136 roentgen 
equivalents in n-units. The number of 
roentgen equivalents in one n has never been 
accurately determined; it is currently con- 
sidered to have a value between 2 and 2.5. 
Dividing 136 by these two limiting num- 
bers, we find that the biological effective- 
ness of the protons and carbon nuclei from 
the nitrogen transmutation is equivalent 
to between 54 and 68 n of fast neutrons. 

4. Radioactivity is induced through 
neutron capture by certain body elements, 
and a fair fraction of the radioactive sub- 
stances so formed stay in the body long 
enough to irradiate it. The radioactivity 
produced in the mammalian body by a 
known amount of slow neutron bombard- 
ment has been determined by Dr. Howard 
Curtis and Dr. Joseph Teresi; this makes 
it possible to calculate the dose of beta and 
gamma radiation resulting from the radio- 
activity produced by an exposure resulting 
in 50 per cent survival. This dose turned 
out to be somewhat less than 10 roentgen 
equivalents. Since a roentgen of beta 
and gamma rays, as already mentioned 
above, was known to be only about one- 
ninth as effective as an n-unit of fast 
neutrons, then the contribution of radio- 
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activity to the total 50 per cent survival 
dose was equivalent to only 10/9 or about 


{ n-unit. ; 
5. Other mechanisms leading to pro- 


duction of ionization tracks in the mice 
were also known, but these could be 
shown to be quite small in comparison to 
the four just described. 

The various contributions to the total 
50 per cent survival dose may now be 
added up in terms of the biological effec- 
tiveness of the n-unit of fast neutrons: 
(1) the fast neutron contamination of the 
slow neutrons, 45 n; (2) capture gamma 
rays, 9 n; (3) the reaction N*(n,p)C™, 
54to68n; radioactivity, 1n. The total 
lies between 109 and 123 n. 

This result is to be compared with the 
50 per cent survival dose of fast neutrons 
alone. This dose, in earlier experiments 
with the same strain of mice, had been 
found to be 91 n. However, the earlier 
experiments had been carried out with a 
dose rate about ten times higher than that 
used in the slow neutron experiments. 
Under very similar conditions involving 
the same strain of mice and two dose 
rates of gamma rays, Henshaw and co- 
workers (see page 349) found the higher 
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dose rate was 1.37 times as lethal as the 


lower. The Lp50 of 91 n is accordingly 
to be multiplied by 1.37, thus giving 124 n 
as the fast neutron dose to be compared 
with the combined dose which has been 
calculated above to be biologically equiva- 
lent to between 109 and 123 n. 

The agreement of the two values might 
tempt one to a conclusion that the lethal 
action of the slow neutrons has been com- 
pletely accounted for in terms of the 
physical events known to take place. 
However, the measurements involved in 
these experiments must be regarded as 
preliminary; a much better job can be 
done with improved technic now known to 
be feasible. The possible inaccuracy is 
great enough that, so far as we know, some 
unknown mechanism might contribute to 
the total lethal action to perhaps the 
same extent as the capture gamma rays. 
However, the results would seem to exclude 
the possibility and the fear of there being 
some unknown mechanism which creates 
a hazard far greater than that due to the 
known mechanisms. 


Institute of Radiobiology and Biophysics 
University of Chicago 
Chicago 37, Ill. 


SUMARIO 


Componentes de la Accién Letal Aguda de los Neutrones Lentos 


Varios grupos de ratones fueron expues- 
tos a dosis graduadas de neutrones lentos. 
Trazando en una grAfica, frente a la dosis, 
el nfimero de animales que sobrevivian 
por tres semanas, se obtuvo una curva que 
tevelaba la dosis de sobrevivencia de 50 
por ciento. En las condiciones del ex- 
perimento, la dosis de neutrones lentos se 
asociaba con ciertas dosis parciales calcu- 
lables debidas a elementos yonizantes de 
distintos origenes, y en particular neu- 
trones veloces, rayos gamma procedentes 
de reacciones de captura, protones y 
nficleos de carbono producidos por la 
transmutaci6n de nitr6égeno corporal y 
tadioactividad evocada por la captura de 


neutrones por ciertos elementos del cuerpo. 
La suma de esos varios aportes a la dosis de 
sobrevivencia, expresada en términos de la 
efectividad biol6égica de la unidad-n de 
neutrones veloces, se aproximé muy de 
cerca a la dosis de sobrevivencia de 50 por 
ciento de neutrones veloces, obtenida en 
los experimentos anteriores en ratones de 
la misma raza. Por consiguiente, aunque 


las mediciones realizadas entrafian algunas 
inexactitudes, el resultado parece excluir 
la posibilidad de que algiin mecanismo 
desconocido intervenga en la accién de los 
neutrones lentos y cree un peligro muy 
superior al debido a los mecanismos cono- 
cidos. 
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HE experiments to be discussed here 
were started early in 1941 and were 
greatly expanded during the war. Al- 
though they are not yet completed, it is 
not expected that the results will be 
altered significantly by future findings. 
Gamma rays were used throughout the 
experiments. The daily doses were 8.8 r, 
4.4r, 2.2 r, 1.1 r, and 0.11 r, given either 
in eight hours or twenty-four hours per 
day. Three radiation sources were used: 
1 gm., 250 mg., and 100 mg. of Ra element 
filtered with 0.5 mm. of platinum. The 
shelves carrying the cages of the experi- 
mental animals were arranged so that each 
cage in a given set was approximately at 
an equal distance from the source for each 
exposure level. Figure 1 shows the experi- 
mental set-up used with the 1 gm. source. 
After the daily eight-hour exposure, the 
source was lowered underground into a 
shaft to a depth of 21 feet. In the two 
other experimental set-ups the shelves for 
animal cages were arranged similarly. 
The gamma ray sources were kept in lead 
boxes provided with hinged lids. Doses 
were measured at several places within 
each cage with calibrated 0.25 r and 25 r 
Victoreen ionization chambers. The 
error of the dose varied with the size of 
the cages. It was estimated to be + 10 
per cent in the mouse and guinea-pig 
cages; the average total dose for each 
animal can be expressed by the dose meas- 
ured in air. The average total dose 
received by the rabbits was probably 
smaller by 25 per cent than the dose as 
measured in air in the middle of the rabbit 
cages. 
Three inbred strains of mice were used 


1 The work reported herein was done at the National 


cal Laboratory, University of Chicago, under the Manhattan Project. ; 
be published in the Plutonium Project Record of the Manhattan Project Technical Series. 








Arrangement for irradiation of experimental 
animals eight hours daily. 


Fig. 1. 


in the experiments, strain A, C3H, dba and 
LAF, hybrids, these latter animals also, 
being genetically homogeneous. The 
guinea-pigs used were genetically hetero- 
geneous hybrids and two inbred strains. 
The rabbits were crosses of Dutch and 
American Blues. 

The exposures were started at the age of 
two to three months for the mice, three to 
six months for the guinea-pigs, and five 
months for the rabbits; the animals were 
exposed daily until in extremis or dead, 
with the exception of those used in term 
exposures. Blood counts were taken 
every four weeks at the beginning and 


Cancer Institute as part of the program of the Metallurgi- 
This paper is a brief version of material to 
Presented at the 


Thirty-second Annual Meeting of the Radiological Society of North America, Chicago, Ill., Dec. 1-6, 1946. 
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Figs. 2 and 3. 








more frequently in the later stages of the 
experiments. The highest accumulated 
doses were 5,900 r for mice, and are at 
present 6,000 r for guinea-pigs and 12,000 
t (air) for rabbits. 

Figure 2 shows the percentage survival 
of LAF; mice per thirty-day intervals. 
The animals of the 8.8 r group from the 
beginning show an iicreased mortality 
rate in comparison with untreated controls. 
In the lower exposure groups, the increase 
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in mortality rate begins later, the smaller 
the daily dose. The decreased initial 
slope of the curve for the animals of the 
0.11 r group may be attributable to bio- 
logical variations or may indicate a general 
stimulating effect of an obscure mechanism 
of the radiation. However, the death 
rate increases later and the slope of this 
curve increases over that of the control 
curve, indicating that the destructive 


action of the radiation is cumulative, even 
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for such small doses as 0.11 r given in 
eight hours per day. 

There is no predominant syndrome of 
radiation death for mice at any of the dose 
levels used. In guinea-pigs, on the other 
hand, radiation death is uniformly 
caused by anemia and thrombocytopenia. 
This has occurred so far only in the animals 
given 8.8 r, 4.4 r, and 2.2 r in eight hours 
per day. 

Figure 3 shows the mortality curves for 
the hybrid guinea-pigs. The lethal dose 
for the guinea-pigs of the 8.8 r exposure 
level ranges from 600 to 4,400 r. At all 
levels, with the exception of 0.11 r, there 
is a considerable decrease in life span. 
As a number of animals are still alive at 
the lower levels, conclusions are restricted 
to those which have died. No conclusions 
can be drawn as to the life span of the 
rabbits, as only 3 animals were used on each 
level and too few have died. 

In discussing the mortality curve it was 
pointed out that the data may indicate 
an initial stimulating effect of chronic 
irradiation for the animals exposed to 
0.11r. Astimulating effect is also indicated 
by changes in the weight of the animals. 
Figure 4 gives the weight curves of the ir- 
radiated LAF, mice. A weight increase 
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Fig. 4. Weight curves for male mice. 


over that of non-irradiated controls was 
observed in all irradiated groups with the 
exception of that exposed to 8.8 r. It is 
most striking in the animals exposed 
to 1.1 r, in which the average weight 
increased by about 50 per cent over that 
of the controls after approximately sixty- 
nine weeks of exposure. This weight in- 
crease is mainly due to an accumulation 
of abdominal fat. It is present in both 
males and females and also in the guinea- 
pigs, and probably in the rabbits, although 
the limited number of animals makes this 
last conclusion questionable. The increase 
in weight of the males at the 1.1 r level 
cannot be likened to a castration effect, 
since the testes of the animals show but 
little damage, while the females at this 
level, which are sterile after sixty-nine 
weeks of exposure, show a less pronounced 
weight increase. No explanation can be 
offered for this phenomenon. 

Radiation damage to the hematopoietic 
system will be discussed by Dr. Jacobson 
in another paper.” It suffices to say here 
that the blood-forming organs of rabbits 
and mice are extremely resistant to the 
effects of chronic irradiation and the 
peripheral blood picture shows little change 
~ ® See page 286, 
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except in those animals in which leukemia 
develops. This is corroborated by the 
pathological data on the blood-forming 
organs, which show little radiation injury. 
Bven for the highest accumulated doses, 
wer 5,000 r, the bone marrow of mice 
\with the exception of those which showed 
kukemic infiltration) was normal. In 
‘ontrast to mice and rabbits, the effect 
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Figs. 5 and 6. Mortality from anemia and thrombocytopenia for hybrid guinea-pigs 
(Fig. 5) and for hybrid and two inbred strains of guinea-pigs (Fig. 6). 


of radiation upon the hematopoietic system 
of the guinea-pig is pronounced, resulting 
in death from anemia and thrombocy- 
topenia. This was manifested by patchy 
ecchymoses, especially of the proximal 
part of the small intestine. Figure 5 
shows the mortality curves resulting from 
anemia and thrombocytopenia in animals 
exposed to 8.8 r, 4.4 r, and 2.2 r. No 
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Fig. 7. Incidence of leukemia (malignant lymphoma) in female mice (percentage) vs, 
sixty-day intervals. 


deaths from this syndrome have yet 
resulted in the animals at the 1.1 r and 
0.11 r level, the maximum dose at the 1.1 
r level being so far approximately 1,500 
r. For the three levels of 8.8 r, 4.4 r, and 
2.2 r, the total dose seems to govern the 
occurrence of this terminal condition. 
Figure 6 gives the death curves from 
anemia and thrombocytopenia for hybrid 
guinea-pigs and 2 strains of inbred guinea- 
pigs exposed to 8.8 r. For the hybrid 
guinea-pigs the lethal dose extends from 
700 r to 4,400 r, while for one of the inbred 
strains it extends from approximately 
1,200 r to 1,600 r, and for the other strain 
from 1,900 r to 2,100 r. These data il- 
lustrate the importance of the use of inbred 
animals for obtaining reliable quantitative 
data. 

The most important findings in our 
experiments have to do with the carcino- 
genic action of long-continued irradiation. 
While the majority of the tumors occurred 
in mice, tumors were also observed in 
guinea-pigs and rabbits, two species in 
which spontaneous neoplasms are rare. 
The most important tumors developing in 
the irradiated LAF, mice, which were used 
for the tumor studies, were leukemia, 





lung tumors, ovarian tumors, and tumors 
of the mammary gland. Tumors of these 
same types, with the exception of the 
mammary tumors, were also observed in 
the non-irradiated control animals. 

The leukemia was mainly of the lym- 
phoid cells; myeloid leukemia was rare. 
Figure 7 shows the incidence of leukemia 
in the female experimental and control 
mice. The picture for the male mice is 
similar, but there is a sex difference in that 
the incidence in the females is approxi- 
mately twice as high as in the males. It 
can be seen from the curves that the 
time at which the first tumor appears is 
approximately the same for the animals 
in the 2.2 r, 1.1 r, 0.11 r, and control 
groups. Likewise the over-all incidence is 
approximately the same in these groups. 
The 4.4 r group shows a shift toward 
earlier onset of the disease and this shift is 
marked in the 8.8 r group. In this group 
the incidence is approximately 70 per 
cent. In all other groups it is approxi- 
mately 45 per cent. The higher incidence 
for the 8.8 r group may be explained by 
the fact that the disease appears at a much 
earlier age so that there was an oppor- 
tunity for its development in predisposed 
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animals, while in the other groups some 
of the susceptible ones died from other 
causes before the disease could manifest 
itself. The conclusion may be drawn 
that chronic irradiation does not affect 
significantly the over-all incidence of 
cancer but alters only the time at which 
the tumors appear, indicating a dependence 
upon dose rate. For a given age, this 
appears as an increase in incidence with 
total dose. 

A similar picture is presented in the 
data on the incidence of lung tumors. 
As lung tumors do not kill mice, however, 
and may be present for a long time, the 
over-all incidence as determined in these 
experiments is merely suggestive. The 
effect of chronic irradiation upon the in- 
cidence of lung tumors was studied in an 
experiment performed for this specific 
purpose. Strain A mice, in which the 
incidence of spontaneous lung tumors is 
well known (approximately 50 per cent of 
the animals having lung tumors at the 
age of twelve months) were exposed to 
8.8 r given in eight hours per day for ten 
months, to a total dose of approximately 
2,500 r. Non-irradiated and irradiated 
animals of the same age were killed at 
approximately twelve months of age. It 
was found that 75 per cent of the ir- 
radiated animals showed lung tumors as 
compared with 50 per cent of the non- 
irradiated group. This result is statistically 
significant. Lung tumors in mice are of 
alveolar origin. The tumors induced by 
irradiation are microscopically identical 
with the spontaneous tumors. There is 
no clear-cut evidence that tumors of bron- 
chiogenic origin occur in mice of this 
strain. 

The incidence of mammary carcinoma in 
LAF; mice following long-continued _ir- 
radiation seems to follow a pattern similar 
to that for leukemia and lung tumors. 
Mammary carcinomas are very rare in 
normal LAF, mice, our control series and 
the 0.11 r series showing a zero incidence. 
An over-all incidence up to 15 per cent was 
observed in the groups at the higher dose 
levels. The genesis of the mammary car- 
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Fig. 8. Subcutaneous sarcoma at the site of a 


mammary gland in a mouse. Note mammary tissue 
at right of and above the tumor and the incorporation 
of mammary ducts in the tumor. X25. 


cinomas has been intensively studied. 
Three causal factors are known: a genetic 
factor, a hormonal factor, and the milk 
factor (virus). Speculatively, the oc- 
currence of mammary carcinoma in LAF, 
mice might perhaps be explained in the 
foHowing manner: The genetic factor is 
present and hormonal stimulation may be 
provided as an effect of the radiation on the 
ovaries. The zero incidence in the control 
animals may be explained by the existence 
of a weak milk factor or of an inhibitor. 
The irradiation may either activate the 
milk factor or destroy the inhibitor. If 
we assume the existence of an extra- 
chromosomal factor and inhibitor in the 
genesis of leukemia and lung tumors, the 
results obtained for these tumors might be 
explained on the same basis. 

Mammary carcinomas were found gen- 
erally in the absence of ovarian tumors. 
Sarcomas, on the other hand, at the site 
of the mammary glands (incidence 15 to 
25 per cent) were frequently seen in ani- 
mals with ovarian tumors. Figure 8 
shows a subcutaneous sarcoma presumably 
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Fig. 9. 
follicles. X40. B. Disappearance of follicles. 
surface epithelium. X40. 
x40. 


of the mammary gland. Note the mam- 
mary ducts in the tumor. 

Ovarian tumors differ in their genesis 
from the other tumors discussed so far. 
They are the end-product of a degenera- 
tive process of the ovary, starting with a 
depietion of follicles followed by the tubu- 
lar down-growth of the germinal epithe- 
lium and resulting in the formation of 
three types of growth: tubular adenoma, 
luteal-cell tumor, and granulosa-cell tumor. 
Figure 9 shows this process. Figure 10 
shows a mixed luteoma and tubular ade- 
noma, while Figure 11 shows a granulosa- 
cell tumor. 


Mouse ovaries: stages of degeneration and neoplasia. 
A single follicle remains, and there are no down-growths of 
C. Absence of ova and follicles and beginning proliferation of surface epithelium 
D. Higher magnification of C, showing branching, tubular down-growths of surface epithelium. X225. 


7ER September 1947 


A. Normal ovary showing numerous developing 


Ovarian tumors were observed in only 
2 control animals out of 24, at the age of 
thirty-three and thirty-four months. In 
the different irradiated groups the over-all 
incidence is 70 per cent to 100 per cent. 

The role played by radiation in the gen- 
esis of these tumors is to hasten the first 
step, t.e., the depletion of follicles from the 
ovaries. That subsequent processes are 
not influenced to any extent by radiation 
is shown by the fact that on the 881 
level the first tumor was observed at 
approximately the same age whether the 
animals received a continuous exposure 
of 3,500 r or a limited exposure of 880 r- 
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Fig. 10. 


The induction of these tumors by radia- 
tion is not a function of dose rate or total 
dose, but is dependent upon a minimum 
dose. This minimum dose is accumulative 
even in the animals exposed to 0.11 r, which 
showed a considerably higher as _ well 
as an earlier incidence than did the con- 
trols, for an accumulated total dose of only 
9) r. The first tumor was observed’ at 
the age of twenty-eight months, the over- 
all incidence was 70 per cent. It is also 
important to note that a single acute dose 
of 50 r given in four and a half hours at 
the age of five months will result in an 
over-all incidence of 70 per cent, the 
‘earliest tumor being observed at twenty- 
three months of age. 

A variety of other tumors, such as 
hepatoma, squamous-cell carcinomas of 
the vagina and forestomach, and adenoma 
of the adrenals in males were observed. 
Their incidence is too low to establish any 
definite connection with: irradiation. 

Tumors were also observed in guinea- 
pigs and rabbits, species in which spon- 
taneous tumors are rare. Of particular 
interest are several lung tumors in guinea- 


Mouse ovarian tumor, mixed luteoma and tubular adenoma. 


X25 and X225. 


Mouse ovarian tumor, granulosa-cell type. 
X350. 


Fig. 11. 


pigs following long continued irradiation, 


for three years or more. All these tumors, 
so far, have been observed in irradiated 
animals only. These lung tumors are 
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Fig. 12. 
beginning at two months of age. 


Testes from mice exposed to total doses of approximately 2,500 r whole-body gamma irradiation 
A. At the rate of 4.4 r given in eight hours per day. B. 


At the rate of &8.8r 


given in eight hours per day. Note the difference in damage to the spermatogenic elements and relative propor- 


tions of spermatogenic and interstitial tissue. 225. 


presumably of alveolar origin, and their 
histologic structure is the same as that 
of lung tumors in mice. 

The histologic data as well as the breed- 
ing experiments show that radiation in- 
jury to the ovary of the mouse is irreversible 


and cumulative. Radiation injury to the 
testes of mice and of guinea-pigs, on the 
other hand, is reversible and cumulative 
only to a certain degree. Thus LAF; 
males exposed to a total dose of 1,760 r at 
the 8.8 r level were sterile when mated but 
regained fertility two months later. In 
one animal, which was removed from 
exposure after having received a total 
dose of 4,700 r, the testes showed normal 
spermatogenesis when it was killed three 
months later. The effect of the dose rate 
is shown in Figure 12. A striking difference 
in degree of damage of spermatogenic 
elements is seen in the testes of two animals 
which were exposed to the same total dose, 


approximately 2,500 r, one at the 44r 
level and one at the 8.8 r level. 

Testes of genetically homogeneous mice 
show little variation in weight for animals 
of similar body weight and age, and their 
weight is a sensitive measure of radiation 
damage. Figure 13 shows dependence of 
testes weight upon exposure time for 
three different exposure levels (8.8 r, 4.41, 
and 1.1 r). 

After an initial drop, a separate weight 
level is established for each exposure level, 
indicating a balance between injury 
and regeneration. Quantitative histologic 
studies have shown that the loss of weight 
is due entirely to a decrease in spermato- 
genic elements, the amount of interstitial 
tissue remaining unchanged. 

The rapid drop in the weight of the 
testes of mice in the first few months was 
used in a study of the intensity effect of 
chronic irradiation—to determine whether 
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a daily dose of whole-body irradiation when 
given over a period of several hours pro- 
duced the same injury as when given 
within minutes. For the short-time ex- 
posure, 1.5 minutes, x-rays (170 kv.p.) 
were used, and for the long-time exposure, 
eight hours, gamma rays. The daily dose 
was 8.8 r administered six times per week 
and the total dose 300 r in one experiment 
and 600 r in another. The weight of the 
testes of the animals of the long-exposure 
groups was approximately 50 per cent 
greater than that of the animals of the 


ever, to establish this more conclusively. 

The breeding behavior of mice exposed 
to chronic irradiation and of their off- 
spring completes the picture of radiation 
damage to gonads and will reveal the in- 
duction of genetic changes. Irreversible 
sterilization effects were observed in LAF, 
female mice following total doses of 770 to 
880 r, regardless of the rate and intensity 
at which the dose was given. The daily 
doses were 8.8 r and 4.4 r given in eight 
hours or twenty-four hours per day and 
5.5 r given in one hour per day. Lower 
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Fig. 13. Effect of long-continued irradiation upon the weight of the testes of mice (per- 
centage of normal). 


short-exposure groups. As we do not 
know whether a biologic quality difference 
exists between x-rays and gamma rays, 
the results are merely suggestive. The 
same effect, however, was found in an 
experiment just completed in which only 
X-rays were used. Two groups of mice 


‘were given a daily dose of 10 r, five times 


per week, to a total dose of 300 r. One 
group received the exposure in 1.37 minutes 
and the other in 4 hours and 18.6 minutes. 
The intensity difference was obta:ned by 
keeping tube voltage (170 kv.p.) and 
current (20 ma.) constant and changing 
filtration and focus-animal distance. It 
seems, therefore, that an intensity effect 
in long-continued irradiation exists so far 
as the mouse testes are concerned. Ad- 
ditional experiments, are necessary how- 


dose rates could not be used, as the period 
of fertility of mice is only eight months. 
Radiation effects consisted in sterility in 
some animals and production of litters of 
reduced size in others. Very few of the 
animals bred a second time. 

Male LAF; mice, when exposed to a 
total dose of 1,100 r at the 8.8 r level, 
and then removed from the field, bred 
with reduced first litters and later normal 
litters. When exposed to 1,760 r at the 
same level, they were sterile but began 
to breed normally after two months. Male 
mice exposed to 1,100 r at the 4.4 r level 
bred normally. 

In less vigorous inbred strains, as C3H 
and dba, irreversible sterilization of the 
females was observed following doses of 
approximately 450 r at the 4.4 r level, 
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while male mice became sterile following 
a total dose of 800 r at the same level. 

No conclusive evidence for the pro- 
duction of genetic changes was obtained 
in LAF, mice receiving the chronic ex- 
posures in our experiments, nor in those 
C3H and dba mice which were exposed 
continuously up to six generations to 1.1 r 
given in twenty-four hours per day after 
fertilization of the ova. Likewise no 
evidence for the production of trans- 
locations was obtained in offspring of male 
LAF; mice exposed to 8.8 r given in eight 
hours per day to a total dose of 1,100 r 
and in the offspring of female mice exposed 
to 8.8 r given twenty-four hours per day 
to a total dose of 770 r. Approximately 
12,000 mice were used in these studies. 
This is in contrast to observations of 
hereditary change in the offspring of mice 
given acute exposures. Since the work 
of Snell (1) indicates that hereditary 
changes are more likely to be observed as a 
result of irradiation of mature sperm and 
ova, the failure to find such changes 
following chronic exposure may be due 
to the comparatively low total dose re- 
ceived by the mature sex cells. 

Beside the effects of chronic irradiation 
which have been discussed, there were few 
changes observed in other tissues and 
organs. No graying or loss of hair or 
atrophy of the skin was seen in any of the 
three species up to the highest doses. 
There was no opacity of the eyes, no pneu- 
monitis or changes in the gastro-intestinal 
tract. This is quite in contrast to obser- 
vations on acute exposures. 

What conclusions can be drawn from 
these data with regard to the problem of 
human protection against penetrating 
radiation? It is obvious that as long 
as no data are available on man, we have 
to be guided by findings in experimental 
animals. As the experiments have shown 
that long-continued absorption of pene- 
trating radiation is associated with damage 
even for doses of 0.11 r given in eight hours 
per day, we may define a permissible dose 
for chronic irradiation as one in which the 
damage cannot be expressed in patho- 
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logical changes. The damage may express 
itself in a possibly unimportant shortening 
of the life span. 

The experiments indicate that the blood 
picture is of little value in determining 
radiation damage, except in case of obvious 
over-exposure. We have seen that car- 
cinogenic action and sterility effects domi- 
nate the picture of radiation injury. Mice 
and guinea-pigs exposed to 1.1 r show an 
essentially normal blood picture for total 
accumulated doses of over 1,000 r; yet an 
appreciable decrease in life span and an 
increase in tumor incidence occur in mice, 
We know, at least in the case of the ovarian 
tumors, that the tumor-inducing dose is 
cumulative and independent of dose level. 

Hence, it is of paramount importance 
that the present permissible dose of 0.1 r 
per day be maintained. Human ovaries 
are somewhat less radiosensitive than 
mouse ovaries according to Peck and col- 
laborators (2); approximately 700 r in 
divided doses are necessary for perma- 
nent sterilization, while a single whole 


body exposure of 300 r to LAF; mice 


produces sterility. As ovarian tumors in 
mice are similar in type to those observed 
in human beings, we may have to assume, 
unless shown otherwise, that in the latter 
similar degenerative processes may be 
induced by chronic irradiation and lead 
to tumor formation. It follows that the 
permissible dose of 0.1 r per day should be 
reduced for women to perhaps 0.02 r per 
day or that the time of exposure should be 
reduced to a few years. 

As far as genetic changes are concerned, 
our data indicate that the present per- 
missible dose gives a sufficiently wide 
margin of safety that a detectable increase 
in rate of gene mutations and transloca- 
tions will not occur. 

Our data also suggest that an intensity 
factor exists. Daily exposures of very 
short duration over long periods of time 
should therefore be avoided. 

In certain types of work, ¢.g., handling 
of radioactive substances, a larger permis- 
sible dose to the hands may be considered 
safe if the rest of the body does not receive 
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more than the permissible dose of 0.1 r. 
Since our data show no radiation injury 
to the skin of experimental animals exposed 
to 8.8 r given in eight hours per day to 
total doses up to 10,000 r, it seems possible 
to increase the permissible dose to hands 


to 1r per day. 
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SUMARIO 


Estudios Bioldgicos en la Escala de Tolerancia 


Ratones de tres razas insitas, cobayos y 
conejos fueron expuestos a prolongada 
radiacion gamma a dosis diarias que varia- 
ron de de 0.11 a 8.8 r, administradas ya 
ocho o veinticuatro horas al dia. Los 
experimentos revelaron que la prolongada 
absorcién de rayos penetrantes va acom- 
pafiada de lesiones aun a la dosis minima 
(0.11 r) administrada ocho horas diarias. 

El cuadro sanguineo no ayudé mayor 
cosa a determinar las lesiones vinculadas 
con la radiacién. La carcinogenia y la 
esterilidad constituyeron las caracteristicas 
sobresalientes en la patologia debida a la 
radiacién. En los tumores ovaricos la dosis 
oncégena result6 ser acumulativa e inde- 
pendiente de la magnitud de la dosis 


diaria, por lo cual debe mantenerse la 
actual dosis ‘“‘tolerable’’ de 0.1 r al dia, 
reduciéndola quizas en las mujeres a 0.02 r 
al dia, a menos que se acorte el periodo de 
exposicién. 


En lo relativo a alteraciones genéticas, 
la actual dosis “‘tolerable’’ parece propor- 
cionar un margen suficiente de seguridad 
al efecto de que no sobrevendra un aumento 
descubrible en el coeficiente de mutaciones 
y translocaciones de genos. 


Los datos obtenidos indicaron, ademas, 
la intervencién de un posible factor de 
intensidad, por lo cual deben evitarse las 
exposiciones diarias y muy cortas durante 
periodos prolongados. 
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HE INADEQUACY of the experimental 
Hl tpooet clinical data upon which the 
“tolerance dose’ of various ionizing 
radiations is based became quite apparent 
to those of us charged with the responsi- 
bility of protecting the personnel working 
on the atomic bomb project from ‘‘over- 
exposure’ to these agents. It was also ap- 
parent that no clinically applicable tests 
were known which would detect biological 
alterations in an animal or human being ex- 
posed to doses of radiation in the “‘tolerance 
range.” 
Many facts were known regarding the 
biological effects of ionizing radiation be- 
fore the war. The adverse effects of radia- 


tions upon the blood-forming tissue and the 


reflection of such effects in the peripheral 
blood were recognized with the pioneer 
work of Heineke in 1903 (1). Innumer- 
able investigators had studied other bio- 
logical and clinical effects. The purely 
experimen‘ 21 data available, however, were 
confined largely to animal studies in which 
lethal or near-lethal doses of externally ap- 
plied roentgen and gamma rays or fast neu- 
trons were given either to a part or to the 
whole body in one (acute) dose or in closely 
spaced divided doses. The purely clinical 
data were limited to reports on the effects of 
therapeutic doses of these same radiations 
given to local areas of the body and in rela- 
tively large single or divided doses. No 
deliberate studies in animals or man had 
been reported in which chronic exposure to 
ionizing radiations was within the ‘‘thresh- 
old”’ or “tolerance range.’’ A few reports 
available from clinics and from radium 
institutes indicated that as far as whole- 
body chronic exposure was concerned, the 


hematologic constituents of the peripheral 
blood were the most sensitive indicators of 
radiation effect (2,3). These reports dealt 
exclusively with professional and non-pro- 
fessional personnel concerned with the 
preparation of radium sources and the ad- 
ministration of radiations for therapeutic 
purposes. The amount of exposure such 
workers received over extended periods, 
however, was in most cases largely esti- 
mated rather than accurately measured. 
The information available on the biologi- 
cal effects of radioactive isotopes depos- 
ited within the body was derived chiefly 
from the radium-dial industry and from 
the more recent therapeutic and tracer 
studies with the relatively short-lived iso- 
topes such as P*? (4), Sr® (5), I'*! (6), and 
Na** (7). Reports on the radium-dial 
painters described patients with terminal 
anemia, radiation osteitis, and osteogenic 
sarcoma, but the accumulated initial doses 
of radium were unknown and only the re- 
sidual deposition was ascertainable (8a, ). 
The tracer and therapeutic studies with 
“short-lived”’ artificially produced radio- 
active isotopes were not directed toward 
the study of the more general biologic ef- 
fects. Some experimental work had been 
done, however, with radium (9, 10). 
Statements are abundant in the literature 
stressing the significance of a lymphocy- 
tosis (11), a monocytosis (12), an eosino- 
philia (13), or a leukopenia (14) in the 
peripheral blood as an indication of the 
effects of chronic radiation exposure. 
Many of these reports are confined to poorly 
controlled human studies or animal experfi- 
ments in which the individual variations 
and/or numbers of subjects, as well as 


1 The work reported herein was done in the Metallurgical Laboratory, University of Chicago, under the Man- 


hattan Project. 
Manhattan Project Technical Series. 
ciety of North America, Chicago, IIl., Dec. 1-6, 1946. 


This paper is a brief version of material to be published in the Plutonium Project Record of - 
i Presented at the Thirty-second Annual Meeting of the Radiological ¢ 
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other factors, were largely disregarded or 
the radiation employed was not actually 


“penetrating.” 
Because our knowledge of the biological 


effects of radiations in general and of cer- 
tain radiations and radioactive materials 
specifically was so superficial, the medical 
and biological divisions of the Plutonium 
Project were organized. The objectives of 
the Health Division were essentially to 
study the fundamental and comparative 
action of radiations and radioactive mate- 
rials and to apply the findings to the protec- 
tion of personnel who worked with, and the 
public which was potentially in danger of 
exposure to, these physical hazards. 

The extensive studies on the biological 
effects of acute and chronic externally origi- 
nating whole-body irradiation, as well as 
internally deposited radioactive isotopes, 
are reported in detail in the volumes of the 
Plutonium Project Record. In this report 
consideration is given only to selected as- 
pects of the subject. 


EFFECTS ON ANIMALS OF WHOLE-BODY 
CHRONIC EXPOSURE TO EXTERNALLY 
ORIGINATING RADIATIONS 


The problem about which we knew least 
before the war and which was of great 
importance to us from a practical stand- 
point was the effect of chronic daily whole- 
body exposure to ionizing radiations origi- 
nating outside the body. In particular, we 
were in need of data on the biological 
effect of chronic irradiation in the region 
of the “tolerance dose.’’ Our problems, so 
far as ‘‘whole-body”’ externally originating 
radiation -was concerned, had to do chiefly 
‘ with gamma rays, x-rays, beta rays, and 
neutrons. 

The problem of exposure of the external 
surface of the body to beta rays was a 
special one because of the relatively short 
penetration of these rays in tissue. This 
problem has been explored by Raper and 
Zirkle (15, a, b) and others (16). Experi- 
ments involving the chronic exposure of 
animals (mice) to fast neutrons have also 
been carried out by Zirkle, Raper et al. (17). 
The only experiments, however, in which 
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the peripheral blood was studied in an ad- 
equate number of animals, with reliable 
frequency, to be of interest in this presenta- 
tion, have been those confined to x-ray and 
gamma ray exposure. 

Zirkle and his co-workers in planning 
their chronic exposure experiments with 
neutrons chose dosages which, on the basis 
of the x/n ratio already established by their 
previous work (18, 19) were in the neighbor- 
hood of the ‘“‘tolerance range’’ and above. 
In addition, chronic gamma ray exposures 
in the Clinton pile were carried on simul- 
taneously for comparative purposes (20). 
Chronic exposure of rats to small daily 
doses of x-rays has been carried out at the 
University of Chicago (21), and of mice at 
the National Cancer Institute (22). In 
these experiments the exposure of the ani- 
mals was for only relatively short periods 
(minutes) and, therefore, is not strictly 
comparable to the type of exposure sus- 
tained by personnel who were working with 
radiations and radioactive material in the 
laboratory eight hours, six days per week. 
With this in mind, Lorenz et al. (23) de- 
signed an exhaustive experiment which 
would largely duplicate in animals the lab- 
oratory exposure which scientists and their 
assistants might sustain in radiation labo- 
ratories. The species studied were rabbits, 
mice, and guinea-pigs. Blood studies cov- 
ered erythrocytes, hemoglobin, leukocytes, 
the differential leukocyte count, platelets, 
reticulocytes, and in special instances 
erythrocyte diameter. Control blood 
counts were made on the animals at least 
twice before placing them in cages arranged 
in a circular manner about a large centrally 
placed radium source. The geometric ar- 
rangement was such that the animals in the 
cages placed in fixed positions received defi- 
nite exposures deliberately planned. 

Two groups of guinea-pigs were used in 
this study. One group was from a hetero- 
geneous National Cancer Institute stock 
and the other was a special hybrid group. 
The rabbits were regular National Cancer 
Institute stock and the mice were of two 
strains: a special LAF, strain which was 
selected because of resistance to the com- 
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mon ‘“‘mouse typhoid’ and pneumonia and 
because of a low spontaneous tumor inci- 
dence, and the A strain which normally has 
a high incidence of lung tumors. 

The species and substrains of laboratory 
animals were divided into groups and ex- 
posed to doses of 0.1, 1.1, 2.2, 4.4, and 8.8 r, 
some for eight hours per day and others for 
twenty-four hours per day, six days weekly. 
The animals were observed while thus ex- 
posed over periods now extending well be- 
yond three years. Neither were significant 
effects on the hemopoietic tissues noted nor 
were significant effects reflected in the 
peripheral blood in any of these species 
chronically exposed to 0.1 r per day for 
three years or more. The guinea-pigs re- 
ceiving a 1.1 r daily exposure showed an 
equivocal reduction in the number of lym- 
phocytes, but in rabbits and mice no change 
in the hematological constituents of the 
peripheral blood was noted with this dose 
even after three years or more of daily ex- 
posure. With doses of 2.2, 4.4, and 8.8r 
daily, however, significant hematological 
changes were eventually apparent in all 
three species. The severity of these ef- 


fects varied with the species; guinea-pigs 
were most sensitive, mice intermediate, 
and rabbits relatively resistant. Figures 
1-7 illustrate the effects on the peripheral 
blood of these animals. 

Certain extremely significant aspects of 
these experiments should be emphasized: 

1. In female mice certain biological ef- 
fects appear in the absence of detectable 
hematological changes. Ovarian tumors 
developed in mice exposed to 0.1 r per day 
and 1.1 r per day, while no changes in the 
peripheral blood were detectable at any 
time during the three years of exposure to 
these doses. 

2. No lymphocytosis, eosinophilia, or 
monocytosis, findings commonly believed to 
indicate chronic radiation damage, occurred 
in any of the three species exposed chron- 
ically to doses between 0.1 and 8.8 r per 
eight-hour or twenty-four-hour day. 

3. Lymphocyte reduction was the ear- 
liest abnormality noted in the peripheral 
blood of these three species after chronic 
exposure. 

4. Animals which developed a lympho- 
penia or, indeed, a moderate insidious re- 
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duction in other hematological values 
showed no histologic evidence of abnor- 
mality of the blood-forming tissues. 

5. The acute onset of a severe anemia 
was acommon cause of death of guinea-pigs 
exposed on the 8.8 and 4.4 r exposure level. 
A similar observation was made in chronic 
radium toxicity in dial painters and has 
been observed also in animals exposed to 
X-rays (24), neutrons (25), and such radio- 
active materials as plutonium (26 a), 


radium (26 }), strontium (26 c), phosphorus 
(27), and others. The mechanism of this 
phenomenon is poorly understood. 

6. Macrocytic anemias appeared in cer- 
tain animals on chronic exposure to doses 
in the range under discussion. The eti- 
ology of this anemia is obscure at the pres- 
ent time. That it is not due to direct 
irradiation of gastro-intestinal tissues is 
brought out by the fact that it may be pro- 
duced also by radioactive isotopes which 
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localize in blood-forming tissue and spare 
the digestive tract (26, a, b, c). 
CHRONIC EXPOSURE OF MAN IN THE 
“TOLERANCE RANGE” 


The studies of Low-Beer and Stone (28), 


Craver (29), and Nickson, Cantril, and 
Jacobson (30), in which human beings have 
been exposed to whole body roentgen 1- 
radiation in divided doses are of interest. 
Total doses up to slightly more than 300 fr 
(in air at the body surface) have been ad- 
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ministered in divided daily doses of 5 to the hemopoietic system of man comparable 
20r. The daily treatment in each case re- to that of the guinea-pig and dog. With 
quired only a relatively few minutes of ex- accumulated doses of 300 r (skin surface 
posure. A case of polycythemia rubra vera dose) leukopenia, and particularly lympho- 
treated in this manner illustrates the de- penia, occurred. The severity of this re- 
gree of effect which may occur with an ex- action varied widely from individual to in- 
posure of this magnitude (Fig. 8). Ingen- dividual. A striking effect was the definite 
eral, these studies indicate a sensitivity of macrocytic anemia which developed in 
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many of those exposed to total doses of this 
magnitude. Spontaneous recovery of the 
hematological constituents of the periph- 
eral blood of these individuals was universal, 
but the time required for recovery varied 
widely. 
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logical picture, depend on the size of the 
administered dose and the extent of localj- 
zation within this particular tissue. With 
all radio isotopes which we have Studied 
thus far, whether they were localized to 
bone or more generally distributed in the 
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COMPARATIVE EFFECTS OF PARENTERALLY 
AND EXTERNALLY ADMINISTERED 
RADIOACTIVE ISOTOPES 
(Acute and Chronic Studies) 

The studies of Brues et al. (31), Bloom 
et al. (32), Jacobson et al. (33; 26a, b, c, ) 
cover the general biological effects of the 
radioactive isotopes on animals. So far as 
the peripheral blood is concerned, the se- 
verity and the rapidity of the effect on 
blood-forming tissue of the fission products, 
and its consequent reflection in the hemato- 


Polycythemia rubra vera exposed to whole body irradiation in divided doses. 


body, a reduction in the lymphocyte values 
of the peripheral blood is the most sensitive 
indicator of acute or subacute effect. 
Lymphocyte reduction may occur even in 
the absence of histologic evidence of effect 
on lymphatic tissue. This is perhaps of 
practical importance and is also true of ani- 
mals chronically exposed to externally origi- 
nating radiation (gamma and roentgen 
rays). On the other hand, histopathologic 
changes in organs and tissue may occur mm 
the absence of or prior to observable 
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changes in the blood or blood-forming tissue. 
However, it usually requires an autopsy to 
find these pathological alterations and we 
lack a practical means of discovering such 
incipient changes. The dose of radioactive 
isotopes required to produce bone sarcomas, 
lymphomas, and the like in animals is prac- 
tically identical with that required to pro- 
duce perceptible effects in the peripheral 
blood. 


CONTROLLED STUDIES OF PERIPHERAL BLOOD 
OF PROJECT PERSONNEL EXPOSED OR POTEN- 
TIALLY EXPOSED TO RADIATIONS 


An extensive study of the hematological 
constituents of the peripheral blood of 
Plutonium Project personnel was under- 
taken at the inception of the program and 
still continues. This was done in an at- 
tempt to discover evidence of incipient 
damage from radiation exposure. We 


were aware of the fact that significant bio- 
logical effects resulting from exposure to 
these agents, which could be detected by 
clinical laboratory examination, invariably 
meant that serious damage had already oc- 


curred. Prophylactic measures designed 
to prevent or minimize the danger of ir- 
reversible damage to the health of Project 
personnel from these physical agents were 
therefore considered paramount. 

All persons accepted for employment 
and placed in a particular job or position 
were classified in terms of individual oc- 
cupational hazard in one of two groups: 
(1) the control group and (2) the work- 
hazard group. This division was not made 
in terms of the usual understanding of oc- 
cupational hazards but rather in terms of 
the radiation hazards peculiar to the Plu- 
tonium Project. 

The control group consisted of all em- 
ployees working in areas in which exposure 
toradiations was negligible or absent. The 
work-hazard group consisted of all those 
laboratory workers who were exposed or 
potentially exposed to physically hazard- 
ousmaterials. The frequency of the hema- 
tological observations in these two groups 
_ Vaned from daily studies to studies con- 

ducted every three months. 
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The number and variety of hematologi- 
cal abnormalities found during a typical 
month of operation at the Metallurgical 
Laboratory in Chicago were great. Proper 
evaluation of these abnormalities posed a 
serious clinical problem, since the part 
played by the work hazard needed an an- 
swer in each individual case. For example, 
if a leukocyte count was found to be below 
3,000 per cubic millimeter, it was immedi- 
ately checked by calling the individual 
back to the clinical laboratory for a second 
count. The problem was to determine 
whether the abnormality was secondary to 
a coincidental infection, or of other origin, 
or was actually related to the physical haz- 
ard entailed in working with a radiation 
source or sources. Occasionally the in- 
dividual was of necessity subjected to care- 
ful questioning concerning his work activ- 
ity and his present health, and a physical 
examination was frequently necessary. 
The room or rooms in which he was working 
were investigated by the health physicist 
and frequently the previous week or weeks 
of activity were reconstructed with the 
help of the individual’s immediate super- 
visor in order to ascertain as nearly as 
possible the amount of radiation exposure 
involved. When ‘film badges’ and “‘ion- 
ization chambers’’ became available in suf- 
ficient quantity and were worn by workers, 
the approximate amount of external radia- 
tion accumulated by an individual for any 
period wasknown. Such records obviously 
made a decision as to the part played by 
radiation in causing leukopenia much 
simpler. 

The need for careful interrogation and 
physical examination of personnel in whom 
leukopenia developed is illustrated by the 
following account of one of many related 
incidents. Certain research groups work- 
ing intimately with large radiation sources, 
such as fission products, or in the vicinity 
of an experimental ‘‘pile’’ had hematologi- 
cal studies at frequent intervals, once to 
twice weekly in certain cases. This seemed 
indicated, since it was not unlikely that 
large acute exposures would be sustained. 
Several individuals in one such group were 
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found to have leukocyte counts of less than 
3,500 on one particular examination, their 
previous counts having been 5,000 or over. 
Immediate investigation indicated that 
they probably had early German measles 
and subsequent observation proved this to 
be true. In other instances it was not pos- 
sible to relate leukopenias to infection or 
indeed to any ascertainable cause. Even 
if the survey of the work area for possible 
radiation exposure indicated essentially in- 
significant findings, the question of chance 
overexposure due to carelessness or utter 
disregard of caution on the part of the in- 
dividual had to be considered. If it seemed 
warranted, the worker was removed from 
all possible chance of radiation exposure 
and observed carefully from the hemato- 
logical and clinical standpoint. The prac- 


tice of shifting workers from areas of high 
or potentially high radiation exposure to 
areas in which exposure was negligible was 
not uncommon if laboratory findings war- 
ranted caution. 

Special studies were conducted on in- 


dividuals who had developed a leukopenia: 

1. Thirty-five persons with leukocyte 
counts from 4,800 to 3,150 per cubic mil- 
limeter were subjected to the “standing 
running exercise’ for one minute, during 
which time they exerted themselves to the 
utmost and raised the feet above the floor 
at least 12 inches. Individuals with nor- 
mal leukocyte values were subjected to the 
same test for comparative purposes. In 
every instance, an increase in the leukocyte 
value occurred immediately after exercise. 
No correlation existed between the type of 
response to the “‘exercise test’’ and degree 
of exposure to radiation. 

2. Leukocyte and differential counts 
were made on a number of individuals 
showing leukopenia at 8:30 a.m., 11:00 
A.M., and 4:00 p.m., of the same day. 
Seventy-five per cent showed an increase 
in the white cell count at the 4:00 P.M. 
determination; 16.6 per cent remained 
essentially the same; and 11.9 per cent 
showed a slight further decrease. Forty 
per cent of the leukocyte counts re- 
mained essentially unchanged at the 11:00 
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A.M. determination; 25 per cent were 
slightly decreased, and 35 per cent were 
slightly increased. No _ particular value 
of a practical nature could be assigned 
to these results except that a relatively 
normal diurnal fluctuation was obtained. 
The fact that certain individuals failed to 
respond with an increased, decreased, or 
unchanged leukocyte value could not be 
correlated with an increased exposure to 
ionizing radiation. 

3. The effect of the injection of adrena- 
lin into individuals with leukopenia was 
compared to its effect in individuals with 
normal leukocyte counts. Again the re- 
sponse was comparable in those with leuko- 
penia who were exposed to radiation and 
in those with leukopenia with no such ex- 
posure. 

4. Sternal bone marrow aspiration stud- 
ies were made in cases of persistent leuko- 
penia. No abnormalities were encoun- 
tered. 

5. Morphological studies on the erythro- 
cyte and nucleated constituents of the 
peripheral blood conducted on control and 
work-hazard groups failed to indicate 
changes attributable to radiation exposure. 
Cooke and Ponder’s modification of the 
Arneth count (34) was used to determine 
whether a shift in the maturation of the 
polymorphonuclear cells in laboratory per- 
sonnel had occurred as a result of exposure 
to radiations. No evidence of a positive 
nature was obtained. The total lobe 
count of work-hazard personnel varied 
little from that of personnel from the con- 
trol group. 

On the Plutonium Project relatively few 
instances were encountered in which 
changes in the hematological constituents 
of the peripheral blood of personnel could 
be definitely attributed to contact with ex- 
ternal radiation or the deposition of radio- 
active materials within the body. The 
great variation in the steady state of the 
various hematological constituents of the 
peripheral blood from one individual to an- 
other, the inaccuracy of modern methods 
for measuring these constituents, and the 
individual physiological variation from 
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hour to hour, day to day, and month to 
month made it almost impossible to inter- 
ret minor fluctuations which may have 
restlted from acute or chronic radiation 


exposure. 
SUMMARY AND CONCLUSIONS 


Prior to the second world war the clinical 
and experimental data which were avail- 
able on the biological effects of various ion- 
izing radiations in the “tolerance’’’ or 
“permissible’’ range were inadequate. The 
literature emphasized the usefulness of 
hematological studies of the peripheral 
blood of man and animals exposed to these 
radiations for the detection of early radi- 
ation injury. 

Studies conducted on the Plutonium 
Project with experimental animals and 
human beings indicate that: 

(1) Lymphocyte reduction in the pe- 
ripheral blood is the most sensitive indi- 
cator of acute or subacute exposure to 
externally originating ionizing radiation or 
internally deposited radioisotopes. 

(2) No hematological change is detect- 
able in the peripheral blood in mice, rab- 
bits, or guinea-pigs with a daily whole 
body exposure to 0.1 r of gamma radiation 
extending over three years. In mice 
chronically exposed to a dose of this magni- 
tude, however, ovarian tumors develop. 

(3) Guinea-pigs show an equivocal re- 
duction in lymphocyte values after chronic 
daily whole body exposure to 1.1 r per day. 
Rabbits, mice, and guinea-pigs exposed to 
doses of 2.2, 4.4, or 8.8 r show definite hema- 
tological changes of significance after vary- 
ing lengths of time. The guinea-pig is the 
most sensitive, the mouse intermediate, 
and the rabbit most resistant so far as hema- 
tological changes produced by radiations 
are concerned. 

(4) Human beings subjected to whole 
body x-ray exposure totaling 300 r (skin 
dose) given in divided daily doses of 5 to 
20 r showed a degree of sensitivity of the 
hemopoietic system roughly comparable to 
that of the guinea-pig and the dog. 


* Tolerance =0.1 r per day as set by the National Bu- 
teau of Standards. 


(5) In studies conducted on Plutonium 
Project personnel no hematological changes 
occurred which were referable to radiation 
exposure in the ‘‘tolerance range.”’ 

(6) Clinically applicable tests to deter- 
mine and evaluate incipient damage to 
personnel from radiation exposure in the 
“tolerance range’ are urgently needed. 
Reliance on studies of the hematological 
constituents of peripheral blood is danger- 
ous, since no findings can be expected with 
exposure in this range. The appearance of 
hematological changes in personnel work- 
ing in the field of nuclear physics or medi- 
cine, which are referable to an acute or 
chronic exposure to radiations, should be 
interpreted as serious and probably should 
preclude further actual or potential ex- 
posure of the worker thus affected. 


Department of Medicine 
University of Chicago 
Chicago 37, Ill. 
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DISCUSSION 

Ross Golden, M.D. (New York City): | 
wanted to take this opportunity to ask whether 
some of the speakers will discuss further the prob- 
lem of recovery. It has a practical aspect. For 
example, how long a vacation should the radiolo- 
gists have to insure full recovery from the effect of 
ordinary routine exposure to fluoroscopy? Some 
radiologists do an unusual amount of fluoroscopy 
and in view of the incidence of leukemia among 
radiologists, I think this has a very real signifi- 
cance. The experimentalists can perhaps help us 
in dealing with our hospital management and our 
own consciences in arranging vacations for those 
who have to take exposure. 


Paul C. Hodges, M.D. (Chicago, IIL): 
My question is simply to get Dr. Jacobson to 
speak on a certain point, and a question is the only 
way I can think of doing it. He said that there 
had been no instance on the Plutonium Project 
of radiation changes that were detectable in the 
blood. I know what he meant, and his colleagues 
know what he meant, but I think that he should 
mention the fact that in other phases of this work, 
and under other circumstances, there have been 
some fatal changes, so that this will not be mis- 
understood. 


Leon O. Jacobson, M.D. (Chicago, Ill.): As 
the newspapers of the country pointed out, there 
were some fatal accidents at Los Alamos, and 
other people who were exposed showed effects 
comparable to those which have been illustrated 
in the course of this Symposium. I would have 
preferred to have Dr. Hempleman say something 
about these accidents rather than to talk about a 
matter with which I had very little to do. We 
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aw a couple of the men after they returned to 


Chicago, so I do know that they had changes in 
on peripheral blood, but I did not see either of the 
fatal cases. 

So far as recovery is concerned, Dr. Lorenz has 
an experiment which is now in progress. I believe 
that it deals directly with this problem. 


Egon Lorenz, Ph.D. (Bethesda, Md.): The 
experiments which Dr. Jacobson has spoken about 
consisted in exposing inbred guinea-pigs to 8.8 r 
gamma rays) given in eight hours per day to such 
a total dose—approximately 1,000 r—that the 
erythrocyte count dropped to approximately 
9 500,000, with a corresponding drop in leukocyte 
and platelet counts. These guinea-pigs were then 
removed from the exposure field. In all of them the 
erythrocyte count continued to drop, sometimes 
to values of one million. Approximately 50 per 
cent of the animals died of aplastic anemia; the 
thers recovered slowly and, after several months, 
the blood picture approached normal values with 
erythrocyte counts near 4,000,000, which is 
lightly below that of non-irradiated guinea-pigs 
f the same age. 

In some of the animals which survived, with a 
return of the blood picture to almost normal 
alues, anemia and thrombocytopenia again de 
eloped and death occurred within a few weeks. 
For the present we have no explanation for this 


i 


second drop in erythrocyte and platelet counts. 


Robert S. Stone, M.D. (San Francisco, Cali- 
fornia): Doctor Jacobson asked if I would com 
ment on some experiments that Dr. Low-Beer 
and I have been conducting at the University 
{ California Hospital since 1942. We have 
been treating patients suffering from rheumatoid 
arthritis, degenerative arthritis, and metastatic 
carcinoma, with total body irradiation. These 
patients had relatively normal blood pictures 
at the start and their blood pictures have been 
followed for periods up to four years after the 
wradiation. Our observations would lead us 
to believe that just as the human skin never 
wholly recovers from even minor damage caused 
by X-rays, so the hemopx vietic tissue never com- 
pletely recovers. 


OF IONIZING RADIATIONS 


The length of time one takes on vacation, or 
away from radiation, represents just so much 
time during which one is not being exposed. 
Whether such time contributes materially to 
recovery from radiation effects is not established. 
Possibly Dr. Bloom may throw some light on the 
problem of recovery. Dr. Low-Beer’s results, 
when published, will show that effects can be 
detected 100, 200, and even 300 days after treat 
ments are finished. In so far as effects on the 
red blood cell count and hemoglobin content of 
the peripheral blood are concerned, the maximum 
effect is not seen for 200 or 300 days. Such late 
manifestations convince me that there is some 
permanent derangement that we ordinarily do 
not detect. We must think of all radiation 
effects as being at least partially permanent 
effects. 

By taking one month a year as vacation from 
exposure to ionizing radiations, one lessens one’s 
exposure per year by one twelfth, but one can 
be sure that he does not by such a rest period 
fully recover from such damage as may have 
occurred during the preceding year. The only 
method of being absolutely sure of not having 
effects is to protect oneself adequately at all 
times. 

Before closing, let me emphasize what Dr 
Hodges has said. When we of the Plutonium 
Project speak of damage, or lack of it, to per- 
sonnel, we are referring only to that part of the 
Atom Bomb Project for which we were respon- 
sible. As is explained in the Smythe report, 
the ‘‘Metallurgical’” or Plutonium Project cen 
tered around the University of Chicago in 
Chicago, the Clinton Laboratories in Oak Ridge, 
Tenn., and the Hanford Engineers Works near 
Richland, Wash. It was concerned with making 
chain-reacting piles to produce plutonium; pro 
ducing plutonium; and separating it from 
uranium and fission products. Hence the Health 
Division was concerned with great radiation 
problems. Other parts of the ‘Manhattan 
Project” had their own problems and their own 
health organizations, for which we had no re 
sponsibility and over which we exercised no 
control. 


SUMARIO 


Efectos Hematoldgicos de las Radiaciones Yonizantes en la Escala de Tolerancia 


Los estudios efectuados en el Proyecto 
del Plutonio en animales de experimenta- 
cién y seres humanos indican que: 

_\D) La linfopenia en la circulacién peri- 
erica constituye el indice mds delicado de 


la exposicién aguda o subaguda a la radia 
cién yonizante exégena 0 a radioisotopos 
depositados internamente. 

(2) No se han podido descubrir altera 
circulacién 


ciones hematolégicas en la 
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periférica de ratones, conejos y cobayos 
con una exposici6n diaria de todo el cuerpo 
a 0.1 r de radiaci6n gamma durante mas de 
tres afios, aunque en los ratones expuestos 
crénicamente a una dosis de dicha magni- 
tud se presentan tumores ovaricos. 

(3) Los cobayos revelan una disminu- 
cién equivoca en las cifras linfocitarias 
tras la exposicién diaria crénica de todo el 
cuerpo a 1.1 r al dia, mientras que los 
conejos, ratones y cobayos expuestos a 
dosis de 2.2, 4.4 u 8.8 r muestran significa- 
tivas alteraciones hematoldégicas al cabo de 
periodos variables de tiempo. El cobayo 
es el animal mas sensible, el rat6n ocupa 
un puesto intermedio y el conejo es el mas 
resistente en lo tocante a alteraciones hema- 
tolégicas provocadas por la irradiaci6n. 

(4) Los seres humanos sometidos a una 
exposicién de todo el cuerpo a los rayos X, 
que representaba 300 r (dosis cutanea), ad- 
ministrados a dosis diarias fraccionadas de 
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5 a 20 r, revelaron una sensibilidad de] 
aparato hematopdéyético mds 0 meng 
comparable a la del cobayo y el perro, 

(5) En los estudios levados a cabo en ¢| 
personal del Proyecto del Plutonio, no g 
observaron alteraciones hematolégicas jm. 
putables a la exposicién a la radiacién 
correspondiente a la ‘‘escala de tolerancia.” 

(6) Se necesitan con urgencia pruebas 
clinicamente aplicables para determinar y 
justipreciar las lesiones incipientes debidas 
a la exposici6én del personal a la radiacién 
en la “‘escala de tolerancia.” Es peligroso 
atenerse a estudios de los componentes 
hematoldgicos de la sangre periférica, pues 
no cabe esperar hallazgos con una exposi- 
ci6n en esa escala. Debe considerarse 
como grave la aparicién de alteraciones 
hematolégicas imputables a la exposicién 
aguda o crénica a las radiaciones, y proba- 
blemente debe vedar toda exposicién ul- 
terior del individuo afectado. 
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The Clinical Sequence of Physiological Effects of 
Ionizing Radiation in Animals’ 


C. LADD PROSSER, Ph.D. 


With Contributions by 


£. E PAINTER, Ph.D., HERMANN LISCO, M D., AUSTIN M. BRUES, M.D., LEON O. JACOBSON, M_D., 
‘ and M. N. SWIFT, M.S. 


onizING radiations constitute a useful 

therapeutic and experimental tool but, at 
the same time, a dangerous one. The in- 
crease in availability of sources of radiation 
with modern advancements in the field 
of nuclear energy makes possible the in- 
advertent exposure of many more people 
than was ever possible when x-ray tubes 
and radium constituted the principal 
known sources of radiation. In the event 
of an atomic war, entire populations will be 
subjected to radiation hazards. Radio- 
active materials deposited in the bodies of 
workers in the atomic energy industry may 
cause many disabilities. It is increasingly 
important, therefore, that the clinical 
effects of radiation be understood and 
methods of therapy be explored and made 
available. 

Researches in clinical physiology and 
biochemistry at the Metallurgical Labo- 
ratory have been concerned with (1) as- 
certaining whether different kinds of ioniz- 
ing radiation have similar effects upon the 
mammalian body; (2) measuring sensitive 
reactions as a function of dose, in the hope 
of setting permissible exposure limits; 
(3) searching for sensitive biological indi- 
cators of exposure; (4) describing the 
course of radiation damage sufficiently to 
suggest profitable directions for research 
into mechanisms of such damage that 
might eventually lead to effective therapy. 
None of these objectives has been attained 
ina final form, but sufficient data are avail- 
able to justify a summary at this time. 

Extensive reviews of the pre-war experi- 


— 


mental literature on the effects of x-radia- 
tion upon animals have been published by 
Dunlap and Friedman in Shields Warren’s 
monograph (1942-43) on the Pathology of 
Radiation. The emphasis in the present 
paper is upon work done in the Health 
Division of the Metallurgical Laboratory. 
The collaboration of numerous persons has 
made possible a wide variety of physio- 
logical and biochemical measurements on 
individual animals. Contributions by the 
following persons should be acknowledged: 
E. E. Painter, M. N. Swift, and Owen 
France, physiologists; Austin M. Brues, 
Samuel Schwartz, and Margaret Rand, bio- 
chemists; Leon O. Jacobson, hematologist ; 
Hermann Lisco, pathologist ; J.G. Allen and 
Donald Buchanan, clinicians; G. Sacher, 
statistician; and numerous technicians who 
have carried out much of the detail of the 
experiments. 

The general pattern of the clinical effects 
of radiations in several species falls tem- 
porally into the following periods: (1) 
initial, (2) acute, (3) subacute, and (4) 
chronic. The manifestations of each 
period differ somewhat according to spe- 
cies, and the periods should be distin- 
guished by clinical course rather than by 
specific times. 

Direct evidence for temporal differences 
in clinical effects is provided by the ob- 
servation that for a given dose rate, but 
different duration of exposure, e.g,. differ- 
ent total doses of single lethal exposure to 
total body x-irradiation, deaths occur in 
waves. In the rabbit, for example, peaks 


‘The work reported herein was done in the Metallurgical Laboratory, University of Chicago, under the Man- 
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in mortality at the midlethal x-ray range 
(800 r) occur at five to forty-eight hours 
and ten to fifteen days, and scattered 
deaths are seen at thirty-five to ninety 
days. Inrabbits, mice, rats, and dogs, the 
majority of acute irradiation deaths from 
single x-irradiation or high level daily x- 
irradiation (e.g., 25 r daily to the dog) or 
from injected materials such as Pu**® or 
Sr®, occur during the period of ten to 
twenty-one days after treatment. 

When the mortality rate is plotted as a 
function of dose rate for different daily 
doses of x-radiation, discontinuities occur 
that suggest different mechanisms of kill- 
ing. It is one purpose of this report to 
identify some of these mechanisms. In 
practice, the clinician may have to deal 
with patients who have been exposed to 
dose rates ranging from the radiation flash 
of an atomic bomb detonation to the dose 
accumulated over a period of years from a 
small amount of radioactive material de- 
posited in the body. 

In general, the clinical course is similar 
whether ionization is caused by penetrat- 
ing external radiations or by radiations 
from internally deposited materials. Since 
more data are available from x-irradiation 
than from other types, most of the follow- 
ing account will refer to x-irradiation unless 
otherwise stated. The initial and acute 
effects are best seen at median lethal (30- 
day) and slightly lower doses. The 30-day 
MLD for single doses of x-radiation in our 
laboratory is for dogs 325 r, goats 350 r, 
rabbits 800 r, rats 600 r, mice 530 r. 


INITIAL REACTIONS 


One of the most striking characteristics 
of irradiation damage is the latency of the 
reactions. The primary reactions at the 
time of the ionization start long chains of 
events. We are concerned here only with 
the late links in these chains. At suffi- 
ciently high dose rates (greater than 100 r 
per minute) deaths may occur “under the 
beam,’’ 7.e., during exposure. Several ex- 
amples of killing at very high dose rates 
have come to the authors’ attention and 
will probably be published subsequently. 
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Henshaw (1944) gave doses of 25,009 to 
50,000 r of x-radiation at 250 r per minute 
to mice, rabbits, and guinea-pigs. The 
animals were killed during exposure or died 
a few hours later. Histologically, there 
was widespread tissue damage; muscle 
spasticity appeared to precede rigor mortis, 
Mice exposed to an intense source of 
gamma radiation by Henshaw and Curtis 
died during twenty minutes of exposure, 
It is possible that such ionization densities 
may be sufficiently great to cause damage 
to cell membranes that are relatively un- 
affected at lower dose rates. 

At lower dose rates, (e.g., 5 to 15 r/min.), 
a series of reactions appear during the first 
twenty-four hours after an exposure to a 
total dose of 50 to 800 r total body x-ir- 
radiation. These initial reactions are suff- 
ciently severe so that some deaths occur in 
rabbits and chickens in this period when 
an MLD is given. No deaths have been 
reported to occur at this time in rats, mice, 
guinea-pigs, dogs, or goats. These latter 
species, however, do show initial symptoms 
that are less severe than those in rabbits 
and chickens. 

The initial reaction after irradiation of 
the entire body or a large part of the body, 
in most species, is shock-like prostration, 
diarrhea, urination, and lacrimation. In 
addition, vomiting occurs in the dog, and 
nausea and vomiting in man. In the rab- 
bit, there is extreme prostration with a 
marked fall in blood pressure and leuko- 
cytosis. 

Gastro-Intestinal Symptoms: The gastro- 
intestinal effects are severe as indicated by 
the diarrhea, nausea, and concomitant 
anorexia. The gastro-intestinal tract 
shows increased tone and motility during 
exposure to x-radiation along with and 
followed by a transitory increase in gastric 
acidity, as shown by Ivy in 1923. In the 
rat, Dr. Barron and Dr. France found that 
intestinal absorption of glucose introduced 
into the stomach is completely inhibited 
four hours after doses as low as 50 r. 

Food and Water Balance: The intake of 
food and water is reduced for one to two 
days after exposure of dogs and rabbits to 
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a dose of x-radiation in the midlethal range. 
In rats, the food consumption 1s reduced 
but the water intake is increased in this 

riod. In the rabbit, fecal output is di- 
minished but there is usually a polyuria for 
onetothreedays. Inrats, the initial poly- 
uria is even more extreme than in the rab- 
bit; this is undoubtedly correlated with 
the concurrent polydipsia in the rat. In 
dogs, the initial reduction in food and water 
consumption may be reflected in a smaller 
reduction in urine and feces output. Dur- 
ing the first two days after injection of 
doses of Sr or Pu***, which are lethal in 
two weeks (Sr at luc/gm. or Pu at 0.075 
ug./gm.), dogs show little change in food 
and water consumption. 

Weight loss in the rabbit during the first 
two days is considerable (more than 8 per 
cent after 800 r); weight loss begins in the 
rat at this time, but the dog rarely shows 
any significant early decrease in weight. 
If food and water balance is used as a cri- 
terion, the initial reaction is more severe in 
the rabbit, less in the rat, and least in the 
dog. 

Circulatory System: The peripheral vas- 
cular reaction is shown by the erythema 
that appears in man during the first day 
after local skin doses of a few hundred 
roentgens. In rabbits that receive local 
doses of 800 to 1,200 r there is some hy- 
peremia, with an increased spread of intra- 
dermally injected Evans blue dye, T-1824. 
There is also accelerated appearance of this 
dye after intravenous injection. 

In rabbits, the blood pressure falls 
rapidly to a minimum at one and a 
half to three hours following x-irradiation. 
The reduction is as much as 50 per cent 
after 600-800 r, and a detectable fall in 
blood pressure occurs after 50 r. In some 
tabbits the blood pressure continues to fall 
and death results; in others a gradual re- 
covery of blood pressure occurs. Dogs 
show no alteration in blood pressure or 
heart rate during this. initial period. 
Blood volume measurements in rabbits, 
by the use of Evans blue, T-1824, showed 
no significant changes during the first four 
or five hours. 


Hematology: During the first two to 
twenty-four hours after x-irradiation, a 
leukocytosis occurs in some species. This 
leukocytosis has been found by Jacobson 
to be predominantly a granulocytosis in 
the rabbit and the chicken. Not suffi- 
cient counts have been made during the 
first day to show whetlir or not an initial 
increase in heterophil count occurs in the 
dog. In the rabbit, after 600-800 r, the 
peak of the heterophil count comes at 
twelve to twenty-four hours and is higher 
than at low doses (300-600 r), where the 
peak comes earlier. In all species a severe 
lymphopenia begins within a few hours 
after exposure. After granulocytosis in 
the rabbit (probably immediately in the 
dog), there is a marked decrease in the 
number of granulocytes per cubic milli- 
meter. In the dog, a reduction of 60 to 80 
per cent in lymphocytes and of 40 to 60 
per cent in heterophils occurs by the 
twenty-fourth to forty-eighth hour after a 
midlethal dose (300-350 r). 

After the injection of acutely lethal doses 
of Sr*® or Pu**, the lymphopenia and 
granulocytopenia may be nearly as great 
after one or two days as after a lethal dose 
of x-radiation. No leukocytosis has been 
observed in rabbits twenty-four hours after 
injection of lethal doses of Sr*’, Ra, or Pu. 

Causes of Initial Reactions: The physio- 
logical factors leading to the preceding 
reactions are multiple. The skin vessel re- 
actions are local and direct. The lympho- 
penia is in large part due to direct killing of 
lymphocytes in nodes and other lymphoid 
tissue. The gastro-intestinal symptoms 
are largely direct, since it is generally found 
that irradiation sickness seldom occurs 
when the abdomen is shielded. The 
altered food and water intakes are prob- 
ably associated with the gastro-intestinal 
changes. The fall in blood pressure, that 
may lead to death in rabbits, is in part an 
autonomic reflex, as shown by partial pro- 
tection by vagotomy or atropinization, and 
is, in a measure, due to the indirect action 
of toxic agents as shown by transfusion ex- 
periments. Plasma histamine apparently 
increases slightly in the rabbit. Antago- 
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nism by repeated injections of adrenalin 
protects against lowering the blood pres- 
sure, and this antagonism should be useful 
in therapy. The granulocytosis is prob- 
ably a response to toxins liberated at the 
time of treatment or shortly thereafter. 
According to Bloom and his associates, 
there is more cellular damage in the first 
few hours in the rabbit after an MLD 
(800 r) than in a rat after an MLD (600 r). 
It is of interest that the granulocytosis and 
cell death are greatest in the rabbit, an 
animal that shows the most violent initial 
reaction as judged by vascular and meta- 
bolic changes. 

The initial shock reaction, then, is mani- 
fested by gastro-intestinal, circulatory, 
hemopoietic, metabolic, and biochemical 
alterations. Other organ systems may also 
be damaged. In lack of specificity, the re- 
actions resemble those due to numerous 
toxic agents. The above effects were seen 
after x-irradiation but they could probably 
be duplicated with comparable doses of 
other kinds of radiation. Most of the re- 
actions are more severe in those species in 
which some individuals die in the initial 
period (rabbits and chickens) than in those 
that show no initial deaths. Deaths oc- 
curred in rabbits in the initial period after 
abdominal irradiation but not after ir- 
radiation of both hind legs, even at doses of 
2,400 r. The extent to which these initial 
reactions start chains that lead to the acute 
irradiation picture is worthy of investi- 
gation. 


ACUTE REACTIONS 


Early Deaths: When the dose rate and 
the total dose are high, dogs may die in four 
to six days. Hall and Whipple (1919) ob- 
served death four days after massive doses 
and noted increased excretion of urinary 
nitrogen, uric acid, and purine base, and 
extensive gastro-intestinal damage. Moon 
and his associates (1941) treated dogs with 
large partial body doses. Within twenty- 
four to sixty hours these animals showed 
loss of appetite, vomiting, diarrhea, and 
traces of blood in urine, feces, and vomi- 
tus; they died about twenty-four hours 
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later. These dogs also showed a terminal 
hemoconcentration. In our experiments 
only one dog (dose 800 r at 12 r ‘min.) has 
shown such a violent reaction, leading to 
death in less than one week. Rats at doses 
of 1,000—1,500 r die in four to five days 
whereas at the midlethal dose (600 r) most 
of them die at nine days. Irradiated rats 
in general have much diarrhea. It is prob- 
able that the early killing at high doses 
(four to six days in dogs) is accompanied by 
marked dehydration and that it represents 
a different course from the initial deaths 
and the typical acute deaths. 

Acute Radiation Deaths: The majority 
of deaths in all species studied after single 
doses in the midlethal range of gamma or 
x-radiation delivered at 5 to 15 r per 
minute, after fast or slow neutron exposure 
in the cyclotron or in the uranium pile, and 
after injection with alpha, beta, or gamma 
emitters, occur nine to twenty-one days 
after treatment. Acute symptoms are 
similar for all of these irradiation treat- 
ments. Dogs that received daily doses of 
x-radiation of 50 or 25 r also died in this 
period with acute irradiation symptoms. 
After single lethal doses of x-radiation fol- 
lowing the initial period of shock-like re- 
action, most species show an intermediate 
period of days during which relatively 
few manifestations appear, except leuko- 
penia, until the acute lethal period is ap- 
proached. In the acute period there are 
prostration, weight loss, and often a fever 
such as is seen in a severe toxemia. The 
physiology of the intermediate and acute 
lethal periods has been more extensively 
studied than that of any other period and 
will be summarized with respect to different 
functional systems. Most of the following 
data were obtained after median lethal and 
lower doses of radiation. 

Hematology: Leukopenia is probably the 
most extensively studied irradiation effect 
both in man and in animals. Hemato- 
logical studies have been directed in our 
laboratory by Dr. Jacobson. The reduc- 
tion in lymphocytes which occurred precip! 
tously in the initial reaction continues 
more slowly after the first day, reaching a 
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minimum at 2.4 days indogs. Asignificant 
lymphopenia can be detected in dogs and 
rabbits after single x-irradiation of 25 r. 
In dogs, a 60 per cent reduction occurs 
after 50 r, after an injected dose of Sr® at 
0.1 ue./gm., or an injection dose of Pu at 
jess than 0.075 ugm.(0.00468 yc.)/gm. 
This lymphopenia is greatest at all doses 
at about fifteen to twenty days, al- 
though the daily reduction after the first 
day is small. In survivors, the lympho- 
cytes recover very slowly over a period of 
three to six months after midlethal doses of 
x-ray in dogs and over a two-month period 
in rabbits. 

The initial granulocytosis of the rabbit 
and chicken is changed to a reduction in 
granulocytes ; this reduction in granulo- 
cytic components in all species continues 
for several days, reaching a minimum count 
at four days in rabbits, at five days in rats, 
and at twelve to eighteen days in dogs. 
A similar time course of the blood picture 
occurs in the dog after daily x-irradiation at 
50r and 25 r and in the dog, mouse, and rat 
after acutely lethal doses of injected ma- 
terials such as Sr*’ and Pu?**. At sublethal 
doses, the minimum granulocyte count 
occurs at about the same time as in non- 
survivors. Recovery is nearly complete 
after midlethal doses of x-radiation in the 
dog at fifty days, and in the rabbit at 
twenty-three days. The response of the 
heterophils has a higher threshold than 
that of the lymphocytes: 100-200 r in 
rabbits and approximately 50 r in the dog. 
After injections of Sr®® the heterophils are 
relatively more diminished than are 
lymphocytes in all species, due to the rela- 
tively greater irradiation of bone marrow. 

In general, eosinophils show a response 
similar to that of the heterophils. Mono- 
cytes are decreased rapidly in number and 
return to normal more slowly than do 
heterophils in the dog. 

Blood platelets also decrease in number 
and, in dogs, reach minimal levels about a 
week later than the granulocytes. A sig- 
nificant reduction in platelet count occurs 
at 50 rin dogs. More than a 50 per cent 
reduction occurs in rabbits after 500 r. 


It is of interest to note that lymphocytes 
and granulocytes are minimal in number 
in all animals at the time when most deaths 
occur; also the relative effectiveness of 
x-rays in rabbits and dogs to cause lympho- 
penia and death is similar. It does not 
follow that death is due to the leukopenia, 
but certainly the defense mechanisms are 
reduced, and frequently a brief infection 
leads to death. 

An anemia is produced more slowly than 
the leukopenia; in non-survivors (acute 
deaths) the anemia develops more rapidly 
during the last week of life. In survivors 
of single doses of x-radiation, a minimum 
red count occurs late: at fourteen days af- 
ter exposure in rabbits and three and a 
half weeks in dogs. Below 100 r neither of 
these species shows a significant anemia. 
Recovery is more rapid in the rabbit 
(twenty-three days) than in the dog (two 
or three months). After acutely toxic 
doses of such agents as Sr*’ and Pu**’, the 
minimum red cell count occurs in survivors 
at a period later than the time of death of 
non-survivors. The reduction in red count 
is greater in the survivors than that at the 
time of death of the non-survivors. This 
reduction in number of red cells per cubic 
millimeter is in part due to cessation of 
production of erythrocytes, as indicated by 
the virtual absence of reticulocytes after 
the first day following doses of 200 r or 
higher in the dog. Upon recovery, sur- 
vivors of doses in the midlethal range show 
an elevation in reticulocyte count above 
the control level. The reduction in red 
cells is also partly due to their destruction 
in excess of the normal rate. Calculations 
based on plasma volume and hematocrit 
measurements show that, in the dog, three 
weeks after doses of 200 r or higher, 20 to 
40 per cent of the original red cells are de- 
stroyed. This excessive destruction of red 
cells is also indicated by a maintained in- 
crease in excretion of fecal urobilinogen and 
of urinary bilirubin. Similar cessation of 
production and excessive destruction of red 
cells were found after treatment with 
acutely lethal doses of Puand Sr. In gen- 
eral, the fall and recovery of hemoglobin in 
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grams per cent and volume of erythrocytes 
in per cent of blood volume parallel the 
changes in the red cell count. In none of 
these animals (dogs and rabbits) are there 
changes in mean corpuscular volume or in 
mean corpuscular hemoglobin during the 
acute period. The maximum acute reduc- 
tion in red cells is less than 50 per cent. 
The minimum occurs later than the peak of 
deaths, hence anemia can hardly be a 
causative factor in acute irradiation deaths. 

At about one week after a midlethal dose 
of x-radiation, the sedimentation rate in- 
creases markedly. This increase, which 
may be as much as 70 times, is seen also 
after internal irradiation by Sr* beta rays 
or Pu*** alpha rays. Dogs usually die 
with a high sedimentation rate, whereas 
in survivors, sedimentation returns to nor- 
mal in about one month after a maximum 
speed of sedimentation at fifteen to twenty 
days. The threshold in dogs for increased 
sedimentation rate is 100 r. The increase 


in sedimentation is partly due to decreased 
volume of erythrocytes (hematocrit) but, 


in addition, is due to some factor in the 
plasma that accelerates the process. 

Approximately one week after a mid- 
lethal dose of x-radiation, Sr*®, or Pu, 
dogs show delayed clotting of the blood. 
Clotting time may lengthen by two to four 
times after doses of 200 r or above. Dr. 
Allen has found that this is not directly cor- 
related with the platelet count, but is due 
to an increase in free heparin in the blood, 
for addition of toluidine blue, which com- 
plexes with heparin, shortens the clotting 
time. Prothrombin time is not altered. 
Vitamin K and transfusions of whole blood 
were ineffective in reducing clotting time. 

Cardiovascular Function: In_ rabbits 
after recovery from the initial reduction, 
the blood pressure remains relatively con- 
stant but is lower than before irradiation. 
In dogs, there is no change in blood pres- 
sure in the initial or intermediate periods. 
Several days before death, however, both 
animals enter an acute terminal period in 
which the blood pressure is reduced. 

At this time the heart rate of dogs in- 
creases by as much as 50 per cent, and the 
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rectal temperature rises by about 2° Cc 
In dogs that survive, there may be a tran. 
sient elevation of heart rate and rectal tem. 
perature in the third week; the threshold 
for this reaction in dogs is about 250 r. 
In some rabbits, there is a rise in tempera- 
ture in this acute terminal period; in 
others, there is no change. In most rab. 
bits there is a final fall in temperature as 
the circulation becomes sluggish. A simi. 
lar terminal period of elevated heart rate 
and temperature and depressed blood pres- 
sure has been seen in dogs injected with 
acutely lethal doses of Sr** and Pu, 

Capillary dilatation is a consistent find- 
ing in acute irradiation injury. In the 
skin, this results in a second wave of ery- 
thema at ten to twenty days. It may be 
accompanied by swelling of vessel endo- 
thelial cells, stasis, extravasation of blood. 
and even by rupture of vessel walls. 

In the preterminal period, subcutaneous 
hemorrhages can be seen in most species; 
there is often rectal and oral bleeding. 
Hematomata form readily. Part of this 
bleeding tendency is probably related to 
the delayed clotting reaction and decrease 
in platelets. These factors alone, however, 
are insufficient, in that there is often no 
good correlation between them and bleed- 
ing; it becomes necessary to postulate an 
increase in capillary fragility. The acute 
bleeding tendency was noted extensively 
among persons irradiated at Hiroshima 
and Nagasaki (Warren, 1946). Dogs and 
goats injected with Sr*® showed hemor- 
rhages in the parietal pleura over the ribs; 
they also showed some hemorrhages else- 
where, but these local ones in the vicinity 
of the ribs indicated a direct effect of ir- 
radiation upon capillaries. 

At autopsy, evidences of hemorrhage are 
frequently found in the gastro-intestinal 
tract, lymph nodes, scattered subcutaneous 
areas, and often in the heart. The hemor- 
rhages of the heart may vary considerably 
in location and size. 

Prior to death, the heart may be injured, 
as shown by a lowering of the take-off level 
of the T-wave. This may result in a re- 
versal of the T-wave. 
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Plasma volume measurements have been 
made by the use of the Evans blue dye 
method in dogs that have been treated with 
xradiation, Sr’, and Pu**. As red blood 
cells are lost from the circulation, the 
plasma volume increases. This increase 
may be as much as 15 per cent or more 
when expressed as per cent of body weight. 
The net effect is that the total blood vol- 
yume remains relatively constant. In this 
rise in plasma volume, the irradiation reac- 
tion differs strikingly from traumatic shock. 

Gastro-Intestinal Function: The delayed 
absorption of glucose from the gut of rats, 
which appeared in the initial period, con- 
tinues. Part of this delay, according to 
Dr. Barron, may be due to diminished res- 
piration and phosphorylation of fructose 
by the epithelial cells. Part may be due 
to delayed gastric emptying, as indicated 
by retention of traces of non-absorbed 
yttrium®' in the stomach two days after 
x-irradiation. Excessive mucous secretion 
may also play a part in the delay. The 
secretion of gastric acid, which was in- 
creased initially, has been reported by pre- 
vious investigators to be diminished by 
seven days and may be abolished at ten to 
fourteen days (Ivy et al.). Food con- 
sumption is only slightly reduced during 
the intermediate period, but is sharply cur- 
tailed in the acute terminal period in all 
species. Even the rabbit shows recovery 
from the extreme initial anorexia. 

At autopsy, irradiated dogs show exten- 
sive hemorrhages in the intestines, both 
petechial and gross. Ulcers are not infre- 
quent. Infections in the mouth and 
pharynx are often seen. These patho- 
logical findings are less frequently seen 
among rodents, although in these animals 
the gut may be hyperemic. Intestinal 
hemorrhages and ulcers have been found 
in dogs that died acutely from Sr** and 
Pu, These latter effects are surprising, 
since these elements localize largely in bone 
and the direct irradiation of the gut must 
be small. A terminal diarrhea has been 
noted in all species. 

Kidney Function: In dogs, urinary ex- 
cretion of water and nitrogen is maintained 


at fairly normal levels even when intake is 
reduced after irradiation. Terminally, 
water and nitrogen loss exceeded intake. 
Urinary specific gravity remained rela- 
tively constant. Phenol red clearance was 
measured at intervals before and after ir- 
radiation in 5 dogs that received midlethal 
doses of x-radiation, and creatinine clear- 
ance was measured in one dog. In each of 
these, there was increased clearance during 
the few days prior to the terminal period, 
1.e., nine to thirteen days after irradiation. 
These experiments should be extended and 
clearance of other materials measured. 
At the same time the blood non-protein 
nitrogen declined by 25 to 50 per cent; the 
urea nitrogen by 20 to 30 per cent; and 
“polypeptide nitrogen’’ by about 25 per 
cent. This non-protein nitrogen decrease 
is more probably due to increased out- 
put than to any decrease in protein break- 
down. These three lines of evidence 
(1) maintained water and nitrogen ex- 
cretion, (2) increased phenol red clearance, 
and (3) decreased blood non-protein nitro- 
gen—suggest increased kidney function in 
the intermediate period. This may be a 
reflection of increased blood flow. 
Terminally, however, a marked increase 
in blood non-protein nitrogen, urea nitro- 
gen, and polypeptide nitrogen suggests a 
late diminished kidney function which may 
be, in part, a result of failing circulation. 
In a small series of dogs, only those that 
showed the terminal rise in non-protein 
nitrogen died. Hemorrhages were fre- 
quently seen in the kidney at autopsy. 
Water Balance: During the first seven to 
twelve days after a single midlethal dose of 
x-radiation or of Sr*®’ or Pu®**, certain small 
alterations in food and water exchange ap- 
pear that become greatly accelerated in 
the terminal period. It was stated above 
that, during the first day, water intake is 
markedly reduced in rabbits, may be 
slightly reduced in dogs, and is decreased 
in rats, while urine output is little changed 
in dogs and is temporarily increased in 
rabbits and rats. The reduction in water 
intake, in the face of maintained or in- 
creased urine output, would lead to de- 
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hydration if loss of water from the respira- 
tory tract remained constant. 

Actually, however, in the dog, the differ- 
ence between water intake and water loss 
in urine and feces, 7.e., primarily respira- 
tory water loss, is reduced. In rats the 
plasma water was slightly elevated ten 
days after 700 r, and in mice the total body 
water was increased for at least eight days 
after 700 r. France found that water 
deprivation for twenty-four to forty-eight 
hours before exposure favored survival of 
irradiated rats. Two to four days before 
death, water intake is much reduced in all 
species, and the ratio of intake to output is 
less than previously. Thiocyanate space 
in rats increased by about 2 ml./100 gm. 
during two weeks after 400 and 700 r, and 
for a few days after 200 and 100 r. A 
similar increase in SCN space was found in 
two dogs after 400 r, but not in two after 
250 r. Hemoconcentration has never been 
observed in this laboratory in the inter- 
mediate and acute period. The volume of 
erythocytes (hematocrit) and plasma pro- 
tein decline during the intermediate period. 

When animals approach the acute 
period, edema is frequently observed, espe- 
cially in the face, neck, and extremities. 
The intestinal wall is often found edema- 
tous at autopsy. 

All of these observations indicate that, 
after acute lethal irradiation, water intake 
of mammals is reduced more than is the 
water loss by urine and feces; however, 
respiratory loss also appears to be reduced, 
so that there may actually be some water 
retention. Extracellular water increases. 
There is some evidence that dehydration 
may increase survival. Thus, dehydration 
may occur in the first few days, particularly 
at high doses, but hydration appears in the 
intermediate and acute period and at mid- 
lethal and lower doses. 

Metabolic Balance: Direct measurements 
of basal metabolism have not been made 
in animals after irradiation. An indirect 
approach has been made, however, by sub- 
tracting the net water balance from the 
total insens ble loss (food and water bal- 
ance) in dogs This difference approxi- 
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mates the combination of carbon dioxide 
expired and body water lost. An increase 
was noted during the first two weeks after 
x-irradiation (at midlethal doses) and a 
greater increase during the terminal period: 
apparently there is a net increase in meta. 
bolic breakdown. 

Weight loss was greatest in the first few 
days after irradiation in rabbits. In dogs, 
there was little weight change seven to ten 
days after a midlethal dose, but thereafter 
some 20 per cent to 50 per cent of the initia] 
weight was lost. In rats, the weight loss 
was more gradual during the intermediate 
period and was abrupt during the last few 
days of life. When the weight loss in ir- 
radiated dogs is compared with that in non- 
irradiated dogs in which the food intake 
has been reduced to match or be less than 
that in irradiated dogs, greater weight loss 
is found in the irradiated animals. This 
observation indicates an increase in tissue 
breakdown, due to irradiation. Calcula- 
tion of the protein component of the weight 
loss based on nitrogen balance measure- 
ments indicates that the protein com- 
ponent is similar in irradiated dogs and in 
dogs on a restricted intake, being about 10 
per cent of the total weight loss in each. 

A third type of evidence of increased 
tissue breakdown comes from measurement 
of blood nitrogen and of nitrogen balance. 
In the intermediate period there is usually 
a slight decline in non-protein nitrogen in 
the plasma. Terminally, however, the 
blood non-protein nitrogen increases 
steeply. Plasma urea nitrogen goes 
through the same intermediate decrease 
and terminal rise, but by smaller amounts. 
Nitrogen excretion is maintained or even 
increased after intake is diminished in the 
late period of anorexia (several weeks). 
However, on the last day or two little urine 
is formed; this can account for a small 
portion of the rise in blood non-protein 
nitrogen at that time. During the acute 
terminal period (fever, etc.), nitrogen bal- 
ance is negative. At this time, there 1s 4 
toxemia which may be due in part to some 
unidentified components of tissue break- 
down. 
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Measurements of metabolic balance after 
injections of radioactive materials are less 
extensive than after x-irradiation, but the 
general picture appears to be similar. The 
effect of irradiation appears to be an accel- 
eration of normal catabolism, particularly 
in the acute lethal period. The correlation 
between the terminal negative nitrogen 
balance and death is very striking. If it 
were possible to prevent tissue destruction 
that occurs about two weeks following 
irradiation, it might be possible to pro- 
long life. 

Plasma Proteins: Total plasma protein 
is diminished by a few tenths of a per cent 
during the intermediate period. In the 
terminal acute depression period, there is a 
rise in protein which, like the rise in non- 
protein nitrogen, is not found in survivors 
in the median lethal range. Since plasma 
volume increases, there is an increase in 
total circulating protein; hence the in- 
creased concentration is not attributable 
todehydration. The high plasma protein 
terminally may be associated with 
tissue breakdown. Electrophoretic anal- 
yses by Dr. Muntz show that at the time 
when fever first appears, serum albumin 
becomes reduced by about 50 per cent, 
whereas a; and a, globulins and the 6 
globulin-fibrinogen fractions double in 
amount. These changes in the protein 
pattern have been seen in dogs treated with 
acutely lethal doses of x-rays, Sr*’,and Pu”. 
They also appear in other conditions, such 
asdistemper. Injections of albumin at the 
time when plasma albumin was low failed 
to cause reduction in the globulins. 

Blood Sugar, Cholesterol and Phosphatase: 
There are more reports in the literature of 
an increase than of a decrease in blood 
sugar immediately after irradiation. Blood 
sugar was increased for several days prior 
to the onset of fever in dogs. During the 
fever normal values were found. The ex- 
planation of the high values in the inter- 
mediate period is not evident. 

Cholesterol in the blood remained con- 
stant until the terminal period was reached, 
when it increased significantly in dogs that 
were receiving daily x-irradiation, as well 
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as in dogs injected with Pu. We made no 
measurements after single irradiation. 

Acid and alkaline phosphatase were de- 
termined in the blood of several dogs given 
daily irradiation; neither showed much 
change until the acute terminal period, 
when the alkaline phosphatase increased. 

Liver Function: Liver function and 
hemoglobin metabolism have been studied 
by Dr. Schwartz and his associates. In- 
creased red cell hemolysis is indicated by 
elevated excretion of fecal uvobilinogen 
and urinary bilirubin. When food intake 
is diminished, the urine and plasma often 
become yellowish green, due presumably to 
diminished reduction of biliverdin to bili- 
rubin by the glycogen-poor liver. This 
becomes especially marked during the 
several days before death. Liver dysfunc- 
tion in irradiated mongrel dogs is also 
shown by a marked increase in the ratio of 
uric acid to allantoin in the urine. Spec- 
trophotometric analysis of urine showed an 
increase in excretion of kynurenic acid as 
dogs entered their terminal period; this 
suggests altered trytophane metabolism. 

A marked decrease has been found in the 
excretion of urinary and fecal coproporphy- 
rin during the early and intermediate pe- 
riods. Though the exact mechanism of 
this decrease is not clear, it is possible that 
it may be due to diminished erythropoiesis. 
A terminal increase in excretion of copro- 
porphyrin is believed due to liver damage. 

Respiratory and Nervous System: The 
nervous system is well known to be resist- 
ant to irradiation. Grossly, no dysfunc- 
tions of the respiratory or the nervous sys- 
tem have been seen during the intermediate 
period. Terminally, breathing becomes 
labored and diaphragmatic; the oxygen 
content of drawn blood is below normal. 
Some six to twelve hours before death, dogs 
frequently show an extensor rigidity, ap- 
pearing first in the hind legs and progress- 
ing to the fore legs. Reflexes are present 
but may become sluggish. These reactions 
resemble those seen in hypoxia of the 
brain. They are undoubtedly secondary. 

Nature of Acute Radiation Deaths: The 
majority of animal deaths resulting from 
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massive doses of external or internal irra- 
diation occur at two to three weeks. Ap- 
parently most of the irradiation deaths at 
Hiroshima and Nagasaki and two deaths 
at Los Alamos occurred in this same time. 
The terminal picture in all of these deaths 
suggests a toxemia. There are fever with 
elevated heart rate (dogs and man), pros- 
tration, evidence of circulatory failure, 
and anoxia. Three possible sources of tox- 
ins are: (1) extravasated blood; (2) prod- 
ucts of tissue breakdown; (3) infectious 
agents. 

Extravasated blood is present wherever 
local hemorrhages occur; edema is often 
noted, and is frequently bloody. The 
bleeding tendency is favored by delayed 
clotting, increase in free heparin, low plate- 
let count, and probably capillary fragility. 
Therapy should be directed toward pre- 
venting. bleeding. The amount of blood 
lost in this way, however, is not great, and 
in rodents the hemorrhages are often diffi- 
cult to find; hence, it is questionable 


whether extravasated blood is an important 


toxemic factor. 

Tissue breakdown is certainly significant. 
Weight loss is in excess of that due to re- 
stricted intake; the net metabolic loss 
increases; nitrogen excretion is constant or 
increases in the face of diminished intake. 
For a time (before the fever) the kidneys 
seem to increase their total output as in- 
dicated by increased phenol red clearance 
and possibly reflected in falling non-pro- 
tein nitrogen; but in the last day or two of 
life, non-protein nitrogen accumulates and 
blood protein concentration increases. 
Whether there are any specific toxins or 
whether terminal kidney failure allows 
normal waste products to accumulate to 
toxic concentrations is not known. Surviv- 
ors fail to show either the late rise in non- 
protein nitrogen and protein or as great a 
weight loss as non-survivors. This indi- 
cates the importance of tissue breakdown 
and kidney failure terminally. Research 
should be initiated toward understanding 
the nature of the accelerated catabolism 
and toward attempts to restrain it. In 
vitro studies of tissue metabolism by Bar- 
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ron and his associates indicate inhibition 
of some enzymes, particularly SH-contain. 
ing ones, but do not indicate increased 
enzymatic catabolism. We found that sur. 
vival of mice was favored by prior treat- 
ment with nicotinamide, DPN, and ascor. 
bic acid, but not by thiamine, pyridoxine. 
or riboflavin; the nicotinamide, when 
given after irradiation, did not aid animals, 

Infectious agents cannot be disregarded 
as sources of toxins. At Hiroshima and 
Nagasaki secondary infections, particu- 
larly of the respiratory tract and lower 
bowel, were common according to Shields 
Warren’s published account. There are 
frequent ulcers in the mouth and intestine, 
infections of tonsils and nasal passages, 
and sometimes open skin lesions in irra- 
diated dogs and goats. The leukopenia 
favors the multiplication of organisms al- 
ready present in the body. The degree of 
leukopenia in the midlethal range is con- 
sistently greater terminally than in surviv- 
ors at the same time. Indications of bac- 
terial invasion have been found by several 
earlier workers. It is not always possible, 
however, to find foci of infection in dogs 
and goats; andin rodents, the foci are less 
frequent. Only a few rabbits have shown 
terminal fever. Infections are generally 
less important in rodents than in dogs, 
goats, and man. Therapy in man is in- 
dicated in the direction of increasing the 
body defenses in number of white blood 
cells and immune bodies. In a few at- 
tempts to inject suspensions of white blood 
cells, these cells were rapidly removed from 
the open circulation. Replacement by 
transfusion is difficult and requires very 
large amounts of blood. Intraperitoneal 
injections of isotonic saline, and to lesser 
extent ascorbic acid and pentnucleotide, 
after doses of 600 r in rabbits have has- 
tened the recovery of white blood cells; 
liver extract and a bone marrow prepara- 
tion were ineffective. These agents failed 
to increase the survival of mice when they 
were injected after irradiation, although 
ascorbic acid was slightly beneficial when 
given repeatedly for several days before ir- 
radiation 
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The results presented above add strength 
to the general conclusion that the acute 
terminal state is one of a non-specific tox- 
emia. In the intermediate period, altered 
function has been shown for many organ 
systems. These again are non-specific ef- 
fects, and no single change (except for leu- 
kopenia) is great enough to result in the 
terminal toxemia that appears so abruptly. 
The relation of each of the changes 
in the initial and intermediate periods to 
the reactions of the acute terminal period 
should be established experimentally. 


THE SUBACUTE RADIATION REACTION 


Some animals show signs of the initial 
and acute reactions but survive beyond the 
acute period and continue to live on into a 
subacute phase. Subacute deaths have 
been seen in dogs that died after about 
three months of x-irradiation at 12.5 r 
daily, and in dogs that died ninety days 
and two hundred and thirty-four days after 
an injection of plutonium. No dogs have 
died subacutely after single doses of x-radi- 
ation, although some rabbits die subacutely 
during the period of thirty to one hundred 
and fifty days after such doses. A sub- 
acute death has occurred in one goat forty- 
eight days after an injection of Sr*®. 

In the dogs that died after daily x-irra- 
diation of 12.5 r and in one at 25 r daily, 
the reduction in white cells was less severe 
terminally than in the acute (higher dose 
rate) deaths but the anemia was much 
more severe. Other signs such as dimin- 
ished appetite, weight loss, elevated sedi- 
mentation rate, and prolonged clotting 
time did not appear until most of the lethal 
dose had been accumulated. The terminal 
sequence resembles that in acute irradia- 
tion death (fever, increased heart rate, 
ete.). Chemical determinations on blood 
showed no significant changes (except for a 
gradual rise in blood cholesterol) until the 
terminal period. Hemorrhages were fewer 
than in acute deaths... The hemoglo- 
bin reached less than 4 gm. per cent in each 
of these dogs. The bone marrow was 
strikingly aplastic. The dog that died 
unety days after an injection of Pu re- 


sembled those that died after a similar 
period of daily x-irradiation, except that 
the anemia was slightly less severe. The 
goat that died forty-eight days after in- 
jection of Sr® had a terminal hemoglobin 
of 1.5 gm. per cent and a red cell count of 
2,920,000 cells per cubic millimeter, com- 
pared with pre-injection values of 9.0 gm. 
per cent and 9,980,000 red cells. The mean 
corpuscular hemoglobin remained rela- 
tively constant in all of the dogs that died 
subacutely, but the mean corpuscular vol- 
ume increased in the dogs receiving 12.5 r 
daily and in those that ultimately died sub- 
acutely from Pu. The earliest human 
deaths from radium poisoning, as reported 
by Martland (1931), were due to anemia— 
hyperplastic marrow with immature cells in 
the circulation. One type of subacute irra- 
diation death, therefore, is due to anemia. 
The white count is low but often not so 
low as in the acute deaths. 

Rabbits that die several months after a 
single dose of x-radiation usually become 
severely emaciated. Only scattered blood 
counts are available, but these fail to show 
any significant anemia or leukopenia. 
Rabbits that die at ten to fifteen days usu- 
ally lose 15 to 20 per cent of their initial 
weight before death. A group of rabbits 
that died forty-five to sixty days after 800 r 
x-irradiation lost an average of 37 per cent 
(range 21 to 46 per cent) of their initial 
body weight. Quantitative data are not 
available on a large number of rabbits, but 
the records of rabbits dying subacutely af- 
ter x-irradiation indicate occasional infec- 
tions and general extreme emaciation. 
One dog died two hundred and thirty-four 
days after an injection of Pu; this dog lost 
37.8 per cent of its initial weight. Termi- 
nally there was an accumulation of ascitic 
fluid and the liver was atrophic. This ani- 
mal showed no late anemia or leukopenia. 
The bone marrow was hyperplastic but 
no immature forms were seen in the pe- 
ripheral blood. 

A third type of subacute effect has been 
described by Lisco and Brues in rats and 
mice injected with plutonium and radio- 
cerium. Some mice at doses of Pu at 
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0.00312-0.0312 yue./gm. and some rats at 
doses of Pu at 0.0025-0.065 yue./gm. die of 
a liver disease eighty to three hundred days 
after injection. Terminally they showtypi- 
cal symptoms of hepatic insufficiency such 
as jaundice and ascites together with char- 
acteristic pathological lesions of the liver. 
Similar effects are seen in rats injected with 
radiocerium at 2 uc./gm. 

Another effect commonly seen some 
weeks after the acute period and before 
chronic effects appear is graying of hair in 
dark-haired animals. 

Dr. Norris has found that several months 
after injection with radium at subacute 
levels (0.1-1.0 ye./gm.), mice and rats 
have calcified arteries. Some rats also 
have calcified masses in various visceral 
tissues. These pathological changes indi- 


cate a slowly developing disturbance in 
calcium metabolism after radium injec- 
tion; they have not been noted following 
treatment with other radioactive materials. 
Martland (1931) found that human beings 
poisoned with doses of radium too low to 


cause severe leukopenia or anemia often 
showed pathological lesions in some of the 
bones. These lesions resulted in extreme 
fragility of the bone and might lead to 
death. Similar lesions were seen by Norris 
in rats four months after injection with ra- 
dium at 0.5 ue./gm. 

In summary, subacute deaths occur at 
lower dose rates and at longer time inter- 
vals after massive irradiation than acute 
death. Aplastic (sometimes macrocytic) 
anemias and extreme emaciation have been 
identified as factors leading to two types 
of subacute irradiation death. 


CHRONIC RADIATION REACTIONS 


Some animals survive for many months 
after a single dose of radiation or for many 
months of continued irradiation—external 
or internal. They may then die from 
chronic causes in which leukopenia and 
anemia may play very little part. Tumors 
are the most important of these causes. 

Tumors do not often result from a single 
dose of radiation. Lorenz, at the Na- 
tional Cancer Institute, has found an in- 
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creased incidence of ovarian tumors jn 
LAF, mice after a single dose of 50 r of 
gamma radiation, but he considers these to 
be secondary to the sterilization of the 
mice. Raper, Snider, and Henshaw, at 
Oak Ridge, observed carcinomas in the 
skin of rats five months after an epilating 
dose of external beta radiation (5,000 rep), 
Evidence for an increase in lymphoma after 
single doses of fast and slow neutrons and 
after single doses of gamma radiation has 
been given by Henshaw. In CF, mice the 
incidence of lymphoma ten to twelve 
months after treatment with 500 r gamma 
radiation increased from less than 15 per 
cent in the controls to more than 65 per 
cent in the experimental animals. 

With prolonged dosage at low dose rate, 
tumors are readily induced. Leukemic 
mice (C58 strain) exposed to fast neutrons 
daily for many months showed leukemia 
earlier than the controls (Henshaw). Daily 
exposure to gamma radiation at daily doses 
as low as 1.1 and possibly 0.11 r/day in- 
creased the incidence of ovarian tumors, 
lymphomas, and lung tumors in LAF; mice 
(Lorenz). External beta rays at 50 rep 
daily resulted in many skin tumors (Snider 
and Raper). Mice injected with Pu at 
doses of 0.05 to 0.1 ug./gm. (0.0031 to 
0.0062 ue./gm.), and rats at 0.02 ug. and 
higher, developed many osteogenic sar- 
comas three hundred to four hundred 
days after injection. The beta radiation 
from bone-deposited Sr* also led to an 
abundance of bone tumors in mice, single 
doses of 5 uc./gm. resulting in tumors after 
two hundred days and 0.5 uc./gm. in four 
hundred days. When Sr injections were 
given monthly to bring the dose at the 
time of each injection up to | uc./gm., 0s 
teogenic sarcomas were abundant after 
two hundred and fifty days, and at 0.1 u¢./ 
gm. after four hundred days; a few are ap- 
pearing after five hundred days of repeated 
injection at 0.05 uc./gm. Similar osteo- 
genic sarcomas were described in persons 
poisoned with radium for eight to ten years 
(Martland, 1931). These examples show 
that, at low dose rates, prolonged irradia- 
tion can result in death from cancer. 
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Other chronic conditions leading to death 
have not been examined carefully. Hen- 
shaw has suggested that irradiation accel- 
erates the “aging” processes in general. 
Mice and rats that die nine to eighteen 
months after injection with Sr*® or Pu, but 
without tumors, are often thin, have dull 
coats, and posturally resemble aged mice 
and rats. Snider and Henshaw observed 
that many rats that had received 8.6 r of 
gamma radiation daily for nine months 
were thin and showed some atrophy of 
lymphoid tissues. A series of dogs have 
been studied for more than a year after 
injection with Sr* and Pu at doses such 
that a mild leukopenia has been main- 
tained. A variety of chemical tests have 
been totally negative and no tumors have 
appeared. Better physiological criteria of 
aging may indicate something of the nature 
of non-tumorous chronic deaths from irra- 
diation. 


GENERAL CONCLUSIONS 


Four generalizations can be presented on 
the basis of the preceding evidence: 

I. Every kind of ionizing radiation is 
similar in its clinical action, whether it be 
penetrating external radiation or internal 
radiation from deposited material. By ap- 
propriate selection of doses, dose rate, and 
experimental animals, it has been possible 
to observe a similar clinical course with 
single and daily x-irradiation, and with in- 
ternal radiation from deposited alpha and 
beta emitters. Although it has not been 
studied in as great detail, the clinical pat- 
tern also appears to be similar after treat- 
ment with gamma rays, fast neutrons, and 
sow neutrons. External beta rays may 
cause skin effects similar to those produced 
by penetrating rays, but they probably kill 
by different mechanisms. 

Il. Nearly every organ system is af- 
lected by lethal doses of every type of radia- 
tion. It has long been known that the 
most sensitive systems are the blood-form- 
ing organs, the gastro-intestinal tract, and 
the gonads. Peripheral circulation and 
heart are also affected. Terminally there 
may be damage to the kidneys and even to 


the central nervous system. Some of these 
effects are probably direct, and some indi- 
rect, as a result of toxic agents, or of 
hypoxia, infections, and other secondary 
factors. 

III. No single clinical reaction is pe- 
culiarly specific for irradiation damage. A 
similar preterminal course, with leukopenia 
and high sensitivity of dividing cells, is 
found with such toxic agents as the nitro- 
gen mustards; the acute terminal course 
with fever is similar in acute infections and 
many diseases. There are striking similari- 
ties to anaphylactic shock, and many of 
the delayed effects of irradiation can be 
duplicated by various toxic chemicals, 
é.g., anemia in benzol and phenylhydrazine 
poisoning and tumor induction by coal tar 
derivatives. 

IV. The clinical picture and the con- 
ditions resulting in death vary with the 
dose rate and the duration of exposure for 
both external and internal radiation. If 
an animal survives one depression with a 
given set of symptoms, it is likely to die 
later from a different mechanism. 

A series of clinical patterns leading to 
death after irradiation have been identified 
as follows: 

(1) Immediate death at very high doses 
and high dose rates, with general cellular 
destruction. 

(2) Initial shock-like death seen within 
forty-eight hours after x-irradiation in 
some rabbits and chickens. Initial irradia- 
tion sickness is detectable but less severe 
in other species. General symptoms of the 
initial reaction are prostration, vomiting, 
diarrhea, and anorexia. In rabbits there 
is also marked fall in blood pressure, and 
in rabbits and chickens granulocytosis and 
lymphopenia develop. There are vasodila- 
tation, erythema, and generally gastro- 
intestinal dysfunction. 

(3) Early deaths at high doses in dogs 
and rats (four to six days). There is evi- 
dence for dehydration, hemoconcentration, 
and much gastro-intestinal damage; there 
is also a leukopenia. 

(4) Acute deaths caused by irradiation, 
which comprise most of the deaths from all 
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types of ionizing radiations (except exter- 
nal beta rays), occur nine to twenty-one 
days after treatment. Leukopenia is se- 
vere; there is evidence of extensive tis- 
sue breakdown, a tendency to bleeding, 
high sedimentation rate, slight anemia, and 
altered water balance. The terminal condi- 
tion is one of toxemia with fever, elevated 
heart rate, lowered albumin and elevated a; 
and a, globulins and 6 globulin-fibrinogen 
(dog), high serum non-protein nitrogen, 
increased serum protein, cardiovascular 
failure, etc. 

(5) Subacute pathological changes lead- 
ing to death. Five types have been seen: 

(a) Aplastic anemia in dogs dying from 
12.5 r daily, in a goat at an intermediate 
dose of Sr**, and in one dog treated with 
Pu. 

(6) Hyperplastic macrocytic anemia 
seen in patients poisoned with radium 
(Martland). 

(c) Liver degeneration caused by Pu and 
radioactive cerium in rats and mice (Brues 
and Lisco). 

(d) Emaciation, particularly in rabbits 
after single doses of x-radiation and in one 
dog after Pu. 

(e) Bone and bone-marrow lesions as 
described in radium poisoning (Martland, 
Norris). 

(6) Chronic irradiation deaths: (a) Tu- 
mors constitute an important cause of 
chronic death. Ovarian tumors have re- 
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sulted from gamma and x-irradiation: leu- 
kemias have been accelerated in appearance 
by penetrating irradiation; skin carcino 
mas have resulted from external beta radj- 
ation; bone sarcomas appeared after pro- 
longed irradiation with Sr®, Pu, and Ra. 
(6) Premature “aging,’”’ emaciation, and 
probably numerous other types of chronic 
irradiation injury lead to death after pro- 
longed exposure at low dose rates. 


University of Illinois 
Urbana, IIl. 
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SUMARIO 


Sucesién Clinica de los Efectos Fisiologicos de lo Radiacién Yonizante en los Animales 


De los experimentos descritos en este 
trabaio dediicese que: 

(1) Muestran una accién clinica seme- 
jante las radiaciones yonizantes de todo 
género, ya se trate de radiacién externa 
penetrante o de radiacién interna pro- 
cedente de sustancias depositadas. 

(2) Casi todos los aparatos o sistemas 
orgAnicos son afectades directa o indirecta- 
mente por dosis letales de radiaciones de 
todo género, pero los mas sensibles son los 
érganos hematopoyéticos, el tubo gastro- 


intestinal y los gonados. También se afec- 
tan la circulacién periférica y el coraz6n, y 
al final pueden lesionarse los rifiones y 
hasta el sistema nervioso central. 

(3) No existe ninguna reaccién clinica 
finica que sea propiamente especifica para 
las lesiones debidas a la irradiact6n. 

(4) El cuadro clinico y las condiciones 
que culminan en la muerte varian de 
acuerdo con la dosis y la duracién de la 
exposicién tanto con la radiacién externa 
como con la interna. Varios cuadros 
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clinicos que terminan en la muerte postir- 
radiatoria han sido identificados: muerte 
inmediata tras dosis muy altas y muy 
seguidas, acompafiada de citélisis general ; 
muerte parecida al estado de choque inicial 
en término de cuarenta y ocho horas en 
algunos animales; muerte temprana (en 
cuatro a seis dias) en perros y ratas, con 
signos de deshidrataci6n, hemoconcentra- 
cin, extensas lesiones gastrointestinales 
y leucopenia; muerte aguda, que com- 
prende la mayor parte de las muertes de- 
bidas a toda clase de radiacién yonizante 
(excepto los rayos beta externos), de nueve 


a veintiiin dias después del tratamiento, 
con grave leucopenia, signos de extensa 
histélisis, propensién hemorragica, eritro- 
sedimentaci6n elevada, leve anemia y dese- 
quilibrio hidrico; muerte debida a altera- 
ciones patolégicas subagudas en forma de 
anemia aplasica, anemia macrocitaria hi- 
perplasica, degeneraci6én hepatica, emacia- 
cién y lesiones de los huesos y la médula 
ésea; muertes asociadas a la irradiacién 
crénica tras prolongada exposicién a dosis 
bajas, presencia de tumores, ‘‘envejeci- 
miento”” prematuro, emaciacién y otras 
lesiones crénicas debidas a la irradiacién. 





Effects of Total Surface Beta Irradiation’ 


JOHN R. RAPER, Ph.D. 
University of Chicago 


RIOR TO THE development of the ura- 
| nen chain reaction and the possibility 
of obtaining large quantities of artificially 
produced radioactive isotopes as a direct 
or indirect result of this reaction, direct 
experimentation on the biological effects of 
beta rays were of necessity limited by the 
availability of pure beta-emitting sub- 
stances. It has long been assumed, however, 
that beta rays would produce in biological 
systems effects identical with those pro- 
duced by x-rays and gamma rays, since the 
latter radiations expend their energy by 
the ejection of high-speed electrons from 
the atoms of the biological material in 
which they are absorbed. The validity of 
this assumption has recently been indicated 
by the writer and others at Clinton Labora- 
tories in two biological materials which 
were small compared to the range of beta 
particles: fern spores and eggs of the fruit 
fly, Drosophila melanogaster. With larger 
biological objects, however, the distribu- 
tion of energy absorption differs markedly 
between beta rays and the more penetrat- 
ing electromagnetic radiations, and con- 
sequent differences in effect are to be 
expected. In the irradiation of laboratory 
animals with beta rays from external thick 
phosphorus* sources, all of the energy is 
absorbed in a superficial layer of tissue 
which in the mouse comprises about one- 
third of the animal’s volume, in the rat 
about a sixth, and in the rabbit only about 
one-twentieth. Thus, in effect, total sur- 
face irradiation with beta rays furnishes a 
means of studying the effects of high doses 
of an ionizing radiation delivered almost 
exclusively in larger animals to a single 
organ, the skin (Fig. 1). 

“Envelope’”’ or “‘cosine’’ thick phos- 


phorus** sources were used for the irradi- 
ation of laboratory animals. The exposure 
chambers consisted of plastic boxes lined 
with panels of phosphorus-Bakelite which 
were activated in the Clinton Pile by the 
reaction P*! (ny) P**. An animal confined 
within such an emitting enclosure received 
an equal dosage of beta rays over its entire 
surface. 

In order to explore fully the effect of 
energy absorption distribution on biolog- 
ical effect, laboratory animals, including 
mice, rats, guinea-pigs, rabbits, and one- 
day-old baby rats, were exposed at graded 
doses in sufficient numbers to establish the 
pattern of effects in each species. It will 
be possible here to give only a brief synop- 
sis of the major lines of endeavor and to 
point out some of the more significant re- 
sults which were obtained in this work. 

Due to the superficial absorption, irradi- 
ation with beta rays in doses below the 
acute lethal range results in greater gross 
and superficial damage than that following 
irradiation with the more penetrating x- 
rays or gammarays. ‘The pattern of gross 
damage can best be shown by the incidence 
of the various effects, with time following 
irradiation, in a group of animals which 
received identical doses (Fig. 2). A single 
dose of 4,000 rep (roentgens equivalent 
physical) delivered in about an hour, first 
produces visible damage in mice about a 
week after irradiation, at which time the 
eyelids become inflamed, the eyes watery 
and, in a large percentage of individuals, 
sealed shut. A few days later, epilation 
around the eyes and snout becomes evident, 
and by the end of three weeks all animals 
are similarly and conspicuously affected. 
A slight erythema on the feet and ears 


1 The work reported herein was done by the author, Cpl. K. K. Barnes, Dr. R. E. Zirkle, Dr. J. E. Wirth, and 


Dr. H. J. Curtis, at Clinton Laboratories, Oak Ridge, Tenn., under the Manhattan Project. 


This paper is a 


brief version of material to be published in the Plutonium Project Record of the Manhattan Project Technical 
I J 


Series. 
Ill., Dec. 1-6, 1946. 


Presented at the Thirty-second Annual Meeting of the Radiological Society of North America, Chicago, 


314 





> Cars. 


EFFECTS OF TOTAL SURFACE BETA IRRADIATION 


Vol. 49 


Depth Dose 
Depth i Gurtece Deve 


“Mm - 








—_— 
_ 
= 
_ 
— 

— 
— 
— 
—_ 
— 

pee 
_ 
— 
—_ 

_ 

— 
—_ 
—_— 
_— 

_ 

, 
-" 
—_ 
— 
—_ 

—_— 
— 
— 

4 


Fig. 1. 


develops in about a third of the animals 
during the second and third weeks, after 
which it disappears. Hyperemia and sub- 
sequent drying of the ear tips first appear 
during the third week and are later ob- 
served in most of the animals; recovery is 
complete in most cases but in a few individ- 
uals there is complete loss of the tips of the 
Extensive, and frequently severe, 
epilation over the entire trunk of the ani- 
mal begins during the fourth week after ir- 
radiation and persists for many months. 
Concurrent with epilation there may be 
local desquamation, and the ulcerated 
areas thus produced frequently persist un- 
til the death of the animal. 

These progressive changes can perhaps 
be followed more easily in the pictorial his- 
tory of a mouse which received 5,000 rep of 
beta rays on Oct. 31, 1944 (Fig. 3). The 
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Depth dose of beta rays of phosphorus® in the skin of the’rabbit. 


first photograph in this history was taken 
two weeks after irradiation and the eyes 
have opened following earlier closure. Par- 
tial recovery from epilation on the trunk 
and head is evident at six weeks, but sub- 
sequent photographs show that such re- 
covery is not permanent. Ulceration, first 
evident at six weeks on the flank, became 
more extensive and more severe during the 
remaining lifetime of the animal. Healing 
and subsequent breakdown of the skin to 
form large ulcerated areas are shown strik- 
ingly in this history. In the eyes of all 
survivors of groups of mice irradiated with 
more than 3,000 rep of beta rays a pro- 
nounced opacity developed five to six 
months after exposure, and from this effect 
there was no recovery. 

Lower doses of beta rays produce in mice 
essentially the same effects as those dis- 





Joun R. RAPER 


September 1947 








a @® 
9 9 


% OF SURVIVING ANIMALS 
aS 
Oo 


INCIDENCE OF EFFECTS 


a) 
(2) 











6) 


20 30 40 


So 60 80 





49 47 45 


{50 


“ea 

a 
TIME AFTER EXPOSURE days 
42 40 





NUMBER OF SURVIVORS 


Fig. 2. 


cussed for the range 4,000—5,000 rep, but 
in lower incidence and of less severity. The 
early effects of higher doses are identical 
with those in the 4,000—5,000 rep range but 
paradoxically develop somewhat more 
slowly than at lower doses, and death occurs 
before many of the symptoms are manifest. 
After doses of 10,000—15,000 rep few of the 
animals show any superficial effect other 
than watery or closed eyes at the time of 
death, ten to twenty days after irradiation. 

In rats the effects of beta irradiation are 
similar to those described for mice. Two 
important differences have been noted, 
however: (1) to produce comparable dam- 
age in the two species, a higher dose, almost 
double, is required for the rat; (2) the re- 
gion of most severe epilation and ulceration 
is characteristically different. In the rat, 
the head, a medial dorsal band along the 
spine, and the base of the tail are particu- 
larly sensitive (Fig. 4). 

Guinea-pigs are less seriously affected 


Graphic summary of damage in mice following a single dose of 4,000 rep of beta rays. 


than any of the other species studied. At 
doses in the acute lethal range the surviv- 
ing animals showed extensive and severe 
epilation, but there was no ulceration or 
loss of ear tips. 

The pattern of superficial damage in rab- 
bits at different doses is shown in Figure 5. 
From these photographs it is clear that the 
effects are similar to those produced in 
other species by beta rays, but that the 
localization pattern of most severe damage 
differs from those of both mice and rats. 
At very high doses, 20,000 rep and greater, 
only closure of the eyes and severe inflam- 
mation of the snout region occur before the 
death of the animal. 

Total surface beta irradiation exerts an 
acute lethal action in each species at 4 
characteristic dosage. The main wave of 
mortality occurs at a somewhat later post- 
irradiation time than following irradiation 
with x-rays or gamma rays, and for lethal 
studies with beta rays forty-five days has 
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Fig. 3. Gross effects of total surface irradiation with beta rays on mice; exposed to 4,000 rep on Oct 
With graded doses the percentage of sur 


vival of each species produced a sigmoid 
curve typical of the curves relating biolog 


arbitrarily been chosen to define a survivor 
m contrast to the twenty-one day survival 
commonly used for x-rays and gamma rays. 
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Fig. 5. 
are as follows: 1. 
weeks. 5. 15,000 rep, 11 weeks. 6. 


3,000 rep, 10 weeks. 2. 


kill 50 per cent of the animals within forty- 
five days after exposure, was found to be as 


’ follows : 


2,200 rep 
4,700 rep 
7,500 rep 
7,750 rep 
c. 17,000 rep 


Guinea-pigs. . . . & 
Rabbits. . . 


For comparison with beta rays, survival 
studies were performed with gamma rays 
on each of the five different species, and 
the median lethal doses which were estab- 
lished are as follows: 


Gross effects of total surface irradiation with beta rays on rabbits; 
5,000 rep, 10 weeks. 3. 
25,000 rep, 19 days. 


the doses and incubation periods 


7,500 rep, 10 weeks. 4. 15,000 rep, 7 


510 fr 
S40 r 
1,280 r 
310r 
1,500 r 


Baby rats 


Guinea-pigs 

Ee ' 

The lethal action of beta rays must 
necessarily be brought about by an over-all 
mechanism which differs at least in detail 
from that of death induced by penetrating 
radiations, since all of the energy of the 
beta rays is absorbed in a superficial layer 
of tissue whose mass is small relative to the 
total mass of the animal. Further analysis 
of comparative lethal effects of external 
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Fig. 6. Survival curves following graded doses of beta rays administered to the entire body surface. 
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equivalent units of energy absorbed. The 
unit chosen is the gm. rep, or that amount 
of radiant energy absorbed in a gram of 
tissue to give a uniform dose of one roent- 
gen equivalent physical, or 83 ergs. 

The total amount of gamma ray energy 
absorbed to produce 50 per cent killing is 
simply the product of the median lethal 
dose, in r, times the weight of the animal 
in grams. The total amount of energy ab- 
sorbed as beta rays to produce the same 
effect is given by the product of the median 
lethal dose in rep times the surface area of 
the animal in square centimeters divided 
| by the absorption coefficient of the partic- 

e seta ravs | ular beta emission used. 

© Gama HATS The total beta/total gamma ratios for 
a 1 114 i killing in the various species varied from 
LOG WEIGHT = gms ().84 in the rat to 3.24 in the guinea-pig. 

Fig. 7. Relation of animal weight and total ab- Interestingly enough, these ratio values 

ez ae od desman” en for the different animals varied as their re- 

spective sensitivities to gamma rays Or in- 
beta irradiation on a series of animals vary-_ versely as their gamma ray median lethal 
ing greatly in size anda comparison between doses. Thus it was indicated that beta 
beta-induced effects and those produced by rays, a strictly superficially absorbed radia- 
penetrating radiations indicate a number of tion, bring about their lethal action by a 
relationships of some interest. total mass or volume effect, while gamma 

Such analysis and comparison can be rays, which irradiate all elements of the 
made only if the various doses of beta body more or less uniformly, do not. 
rays and x- or gamma rays are reduced to For beta rays this relation may be ex- 
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pressed: the total energy absorbed to pro- 
duce 50 per cent killing is directly propor- 
tional to the weight of the animal. The 
accuracy of this relationship is tested in 
Figure 7 where the log total energy of beta 
raysin gm. rep ( ordinates) is plotted against 
the log average weight of the animal species 
studied (abscissae).? The survival of mice 
following graded doses of beta rays from 
strontium™ indicated total energy absorp- 
tion for 50 per cent killing in very close 
agreement with the predicted value. This 
would seem to have significance in view of 
the appreciably lower average energy of 
the beta emission of strontium*® than that 
of phosphorus** used in the extended se- 
ries. For comparison with beta rays com- 
parable points for gamma rays are included 
inthis graph. The total absorbed energies 
of gamma rays required to produce 50 per 
cent killing show a general proportionality 
with size, but two of the points, those for 
baby rats and guinea-pigs, have values 
much less than half those required to satisfy 
the relationship established for beta rays. 

Acute doses of beta rays below the criti- 
cal lethal range also have a marked effect 
onthe longevity of animals. This relation- 
ship has been worked out only in the case 
of mice, since only with this species have 
enough individuals been irradiated to fur- 
nish reliable data. In Figure 8 is shown 
the relationship between dose of external 
beta rays and the time required for 50 per 
cent of the animals to die. Two different 
mechanisms are apparently involved: (1) 
acute radiation death, in which changes in 
dose have negligible effect on the time of 
death; (2) delayed death brought about 


‘ probably through reduced resistance and 


by infection of skin lesions. In the latter 
case, the time of death is strongly affected 
by variations in the administered dose. 

A series of preliminary experiments were 
performed to determine the rate and pat- 
tern of recovery from total surface beta 
irradiation in mice. In this study the 
split-dose technic was applied to recovery 


* This relationship extrapolated to an animal the 


size of man would indicate a median lethal surface dose 


of about 60,000 rep of beta rays. 
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Fig. 8. Effect of dose of beta rays on the time of 
survival of mice. 


as tested by lethal effects. A condition- 
ing dose of 3,000 rep, the greatest dose 
which would resut .n no killing within 
forty-five days after irradiation, was fol- 
lowed at various time intervals up to six- 
teen weeks by graded test doses of beta 
rays. The variation in total dose required 
to produce 50 per cent killing at the differ- 
ent time intervals gave a measure of the 
recovery which had occurred between the 
conditioning and the test doses. 

The resulting survival curves for each of 
the different time intervals are shown in 
Figure 9. At each split-dose interval the 
total median lethal dose is significantly 
greater than that for a single exposure, 
4,700 rep. When the recovery at each 
time interval is calculated and plotted 
against time, the resulting curve gives the 
pattern of recovery from potentially lethal 
damage (Fig. 10). 

Recovery is at first very rapid, two- 
thirds of the effectiveness of the condition- 
ing dose having been lost at the end of the 
third day and complete recovery having 
been attained by the end of the eighth day. 
Beyond the eighth day there is an over- 
compensation, that is, test doses greater 
than the standard Lp50 (4,700 rep) are 
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required to kill 50 per cent of the animals 
within forty-five days. A maximum re- 
covery of 123 per cent is reached at forty 
days, and thereafter there is a loss of re- 
covery, falling to 110 per cent at one hun- 
dred and twelve days. 

There is no obvious explanation of this 
over-recovery. Histological studies have 
shown a marked thickening of the skin fol- 
lowing a single dose of beta rays, but such 
thickening is only apparent four to five 
weeks after irradiation, whereas the over- 
compensation begins as early as eight days 
after exposure. 

Another approach toward an elucidation 
of the mechanism of beta-ray lethal action 
has been through the determination of the 
degree of additivity of the radiobiological 
effects of beta and gamma irradiation in 
mice. The lethal studies, briefly described 
above, would indicate that the mechanisms 
of lethal action of the two radiations have 
at least some common features. Further- 
more, a number of recent papers have shown 
that the effect of different ionizing radia- 
tions are completely additive in producing 
certain biological effects, provided the en- 
ergy absorption distribution of the two 


radiations is comparable. Irradiation of 
mice with both beta rays and gamma rays 
was indicated as a means of determining 
the effect of major differences in the locale 
of direct tissue damage. 

A number of preliminary experiments in 
which the exposures to the two radiations 
were made at different times (a maximum 
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Fig. 10. Recovery from radiation damage in 
mice following exposure to beta rays as measured by 
the lethal effect. 





of a few hours apart) gave inconclusive re- 
sults. In these cases it was apparent that 
recovery from damage inflicted by the first 
administered radiation was appreciable 
but, unfortunately, adequate data for the 
proper correction for recovery was unavail- 
able. A subsequent series, in which the 
two radiations were administered simul- 
taneously, thereby avoiding the problem 
of recovery, demonstrated definite additiv- 
ity. 
On the basis of absorbed energy, the 
lethal studies described above showed that 
in mice gamma rays are 1.75 times as effec- 
tive in producing lethal action as beta rays. 
Since the survival curves for the two radia- 
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tions are very similar, it is possible to estab- 
lish a standard base curve which represents 
the expected survival for any combination 
of added doses of beta rays and gamma 
rays assuming that their effects are com- 
pletely additive. From the standard base 
curve a zero additivity curve can be con- 
structed for dosages of beta and gamma 
rays in any proportion by plotting added 
dose, in effectiveness units, against the 
product of the percentage surviving each 
dose separately. A plot of observed sur- 


Blood studies on rabbits which received 
total surface irradiation with beta rays, in 
doses ranging from 1,500 rep to 59,000 rep, 
revealed no direct effect on the cellular con- 
stituents of peripheral blood. Sporadic 
increases of heterophils beginning three 
weeks after irradiation with intermediate 
doses, 10,000 and 15,000 rep, coincided with 
severe infection of ulcerated skin. No 
evidence of indirect effect on white blood 
cells was found nor was there any evidence 
to substantiate the claim of lymphocyte 
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Survival of mice following simultaneously added doses of 


beta rays and gamma rays. Doses are given in an effectiveness ratio of 


1B8/ly. 


vivals against such curve pairs constitutes a 


Sensitive test for additivity. 


In Figure 11 the percentage survival in 
each of six groups of 24 mice (ordinates) is 
plotted against added dose of beta and 
gamma rays in effectiveness units (abscis- 
sae) along with the complete and zero ad- 
ditivity curves. The best curve drawn 
through these experimental points falls 
almost precisely halfway between the two 
test curves and indicates 50 per cent addi- 
tivity of the effects of the two radiations 
in causing lethal action in mice. 


stimulation by superficial irradiation. 
The lack of effect of beta irradiation on the 
peripheral blood is considered to be consist- 
ent with the physical properties of the 
radiation and the anatomical features of 
the rabbit. 

Single sublethal total surface doses of 
beta rays induced the formation of tumors 
in significant incidence in mice and rats, 
but produced none in either guinea-pigs or 
rabbits. Tumor induction was particu- 
larly striking in the case of rats (Sprague- 
Dawley albinos) at doses of 4,000 and 5,000 
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rep. All of the animals exposed to these 
doses of beta rays developed a great mul- 
tiplicity of tumors belonging to practically 
every type of skin abnormality known, 
but with this Dr. Henshaw’s paper will 
deal in more detail (see p. 349). 

Many of the experiments performed to 
determine the effect of total surface beta 


Joun R. 


RAPER Septenids ed 
irradiation were exploratory in nature and 
none can be considered as totally adequate 
but they do give, I think, the general pat. 
tern of effects and point the way for more 
elaborate and carefully controlled work in 
the future. 


Botany Department 
University of Chicago 
Chicago 37, IIl. 


SUMARIO 


Efectos de la Irradiacidn Beta Superficial Total 


Par virtud de su absorcién superficial 
los rayos beta a dosis inferiores a la escala 
letal aguda producen mayores lesiones 
macroscépicas y superficiales en los ani- 
males de laboratorio, que los rayos X 
mas penetrantes y que los gamma. En 
los ratones, ratas y conejos provocaron 
oclusién de los ojos, depilacién y tlceras, 
pero en su localizacién la depilacién y 
ulceracién tomaron una forma tipicamente 
distinta en cada especie. La principal onda 
de mortalidad sobrevino algo mas tarde 
que después de la irradiacién con rayos X 
o gamma. La dosis letal media (DL5() 
vari6 toscamente conforme al tamafio del 
animal: de 2,200 ref (roentgens equiva- 
lentes fisicos) en las ratillas a 17,000 ref en 
los conejos. 

Una comparacién de la dosis letal media 
de rayos beta y gamma revelé que la 
razon de beta total/gamma total en las 
diversas especies variaba en proporcién 
directa a su respectiva sensibilidad a los 
rayos gamma o inversa a la dosis letal 
media de rayos gamma para la especie 
dada, indicando que los rayos beta, con su 
radiaci6én absorbida absolutamente en la 
superficie, ejercen su accién letal por un 
efecto total en masa o volumen, en tanto 
que los rayos gamma, que irradian mas o 
menos por igual todos los elementos de 
cuerpo, no actiian asi. 


Los estudios de la longevidad en los 
ratones mostraron que los cambios de dosis 
ejercian poco efecto en lo referente a 
muerte aguda por irradiaci6n, pero si afec- 
taban intensamente el momento de la 
muerte tardia, debido, presuntamente, a la 
menor resistencia e infeccién de las lesiones 
cutaneas. 

Los experimentos preliminares con una 
técnica de dosis dividida para determinar 
la velocidad y forma de la reposicién en 
los ratones después de administrar una 
dosis de acondicionamiento, revelé que la 
reposici6n era rapida al principio y com- 
pleta al cumplirse el octavo dia, desde 
cuya fecha se observaba hipercompensa- 
cién, es decir, que se necesitaban dosis de 
ensayo superiores a la DL5( establecida 
para dicha especie (4,700 ref) para matara 
50 por ciento de los animales en término de 
45 dias. 

La aditividad del efecto radicbioldégico 
de los rayos beta y gamma en su accién 
letal sobre los ratones result6 ser de 50 por 
ciento. 


Los estudios ejecutados en los conejos 
no revelaron efecto alguno de los rayos 
beta superficiales totales sobre los elemen- 


tos de la sangre periférica. Evocaron 
oncogenia en los ratones y ratas, pero no 
en los conejos 0 cobayos. 
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N INVESTIGATION of the assimilation, elements used in these studies, and the co- 
distribution, retention, and excretion operation of Profs. W. M. Latimer, G. T. 
of fission products and the heaviest ele- Seaborg, and their associates in providing 
ments in the rat has been conducted at the certain key radio-elements for these stud- 
Radiation Laboratory of the _ ies, notably neptunium, plutonium, ameri- 


Crocker 

University of California. These studies cium, and curium. 
en los were initiated Oct. 15, 1942, and are con- 
e dosis tinuing at the present time. An extensive INTRODUCTION AND METHODS 
mte a survey has been made of the metabolism During the early phases of the develop- 
{ afec- of twenty different radio-elements. This ment of the Plutonium Project, it became 
de la project has been carried forward by apparent that one of the most serious prob- 
e, ala Dorothy Axelrod, M.A., Asst. Prof. D. lems to be encountered was the protection 


siones H. Copp, M.D., Ph.D., Josephine Crowley, of personnel working in this field against 
A.B., Harvey Fisher, A.B., Ph.D, Henry the immense quantities of radiation and 
Lanz, Jr., A.B., Kenneth G. Scott, A.B., radioactive materials produced by the 
L. Van Middlesworth, Ph.D., and the chain-reacting pile. The most important 
author. During the early phases of the hazard that arises from the release of 
work, we were fortunate in having the nuclear energy are radiations produced 


n una 
minar 
6n en 


r una : — 
jue la advice and aid of Professors I. L. Chai- directly from fission and subsequently 


com- kof, D. M. Greenberg, and their asso- emitted by the resultant fission products 
desde ciates, who assisted the program materially, and plutonium. The fission products can 
particularly in the studies with stron- produce injury either as an external source 
tium, barium, and cesium. Also with of radiation or, if they gain entry into 
the group, during the war, were Assoc. the body, by acting as an internal radio- 
Prof. Roy Overstreet and Asst. Prof. active poison, quite analogous to radium 
Louis Jacobson, whose contributions in- poisoning. This latter consideration is a 
cluded the radiochemical preparations major concern, since the amounts re- 
necessary for the tracer studies. We quired within the body to produce injur- 
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— acknowledge with gratitude the facilities ious effects are minute compared to the 
“pn that were extended to us by Prof. Ernest O. quantities necessary to induce damage by 

Lawrence to do this work in the Radia- external beta and gamma irradiation. 

tion Laboratory, the constant advice A comparison with the history of the 
1€}0s and encouragement given to us by Dr. radium industry gives an index of the mag- 
ayos Robert S. Stone and his colleagues of the nitude of the problem presented by fission 
nen- Health Division in the Plutonium Project, products and plutonium to the medical 
aron the assistance and counsel from Dean S. protection program of the Plutonium 


0 no L. Warren and his staff, the help of the op- Project. A total of approximately one 
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the preparation of most of the radio- its discovery fifty years ago. During this 
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interval, a large number of instances of 
radium poisoning have been recorded 
which arose from working with what 
now seems to be, by comparison, a trifling 
amount of radioactivity. The chain-react- 
ing piles at Hanford have produced kilo- 
gram quantities of plutonium which had 
to be isolated and purified by a very 
elaborate and complicated series of chem- 
ical processes. At the same time, a com- 
parable mass of fission products was 
created in the piles, and the amount of 
radioactivity from these fission products 
with moderately long half-lives was in 
the range of hundreds of megacuries. 
Thus, one can see the magnitude of the 
problem as presented in relation to possible 
poisoning from fission products and, of 
course, plutonium. 

The fission of uranium results in the 
production of thirty-four radioactive ele- 
ments, extending from zinc to europium, 
and there have been identified nearly two 
hundred radioactive isotopes of this large 
number of elements that arise from fission. 


Since the possibility of entry of these 
fission products into the body had to be 
considered as one of the principal hazards 
to those working in the field of atomic 
energy, it was necessary to secure informa- 
tion as to the absorption, distribution, 
retention, and excretion of these radio- 


active materials. In addition to evalu- 
ating the metabolic characteristics of these 
substances, it was necessary to duplicate 
as nearly as possible, with laboratory 
animals, the manner by which fission prod- 
uct poisoning might occur. This included 
a study of the behavior of these radio- 
elements following their introduction into 
the body by the three major portals of 
entry, namely inhalation, oral ingestion, 
and through cuts and abrasions of the 
intact skin. 

Another point, aside from the problem 
of the quantities of the fission products, 
was the fact that knowledge had to be 
obtained concerning the behavior of a 
large number of different substances whose 
patterns of metabolism differ not only 
from radium, but from one another. No 
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satisfactory estimates or predictions of 
the possible metabolic characteristics of 
most of the fission products could be made, 
since most of these substances are radio. 
active isotopes of elements concerning 
whose metabolic properties very little was 
known. In other words, there were no 
reliable data available that could make it 
possible in most instances to predict which 
of the fission products would be absorbed 
from the digestive tract and rapidly elimi- 
nated, once having gained entry into the 
body, and which ones might be selectively 
deposited and retained in some vital struc- 
ture. Actually, there was only one fission 
product, radioiodine, that had received 
sufficient study with regard to its metabolic 
properties, prior to 1942, to permit a rea- 
sonable evaluation of the amount that 
could be tolerated within the body with- 
out producing damage (1). A second fis- 
sion product, radiostrontium, had been 
studied before 1942 (2, 3), but not in 
sufficient detail to satisfy the requirements 
of the medical research program of the 
Plutonium Project. The nature of the 
metabolic characteristics of the other 
fission products at that date was essen- 
tially a completely unknown quantity. 
The radioactive isotopes of these fission 
product elements were individually pre- 
pared and in the carrier-free’ state (4). 
This latter precaution, which rendered 
considerably more difficult the preparation 
of these materials, was necessary since 
the fission products arise in the carrier- 
free state in the chain-reacting pile and 
it was deemed essential that the specific 
activities of the materials employed in the 
tracer experiments at Berkeley be com- 
parable to the specific activities of the 
fission products that might be encountered 
by workers in the Plutonium Project. 
The fission products prepared, isolated, 
and subjected to metabolic study included 
strontium, yttrium, zirconium, columbium, 
ruthenium, tellurium, iodine, xenon, ce 
sium, barium, lanthanum, cerium, prase0- 


2 The term “carrier-free’”’ signifies that the radio- 
element was not diluted with measurable apres 
of the stable, non-radioactive form of the same element, 
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dymium, and element 61.° Currently, 
these studies are being extended to include 
some of the less abundant fission products, 
notably arsenic, technetium (element 43), 
silver, cadmium, indium, tin, and anti- 


mony. Later, it is planned to complete 


the investigation of the entire list of fission 


products. Those fission products selected 
for the experiments described in this paper 
were restricted to the radio-elements that 
occur in greatest abundance from fission 
and which have relatively long half-lives. 

In addition to the fission products, it 
was necessary to evaluate by similar tracer 
studies the potential dangers from plu- 
tonium poisoning. This element is radio- 
active and has a half-life only fifteen times 
greater than radium. In addition, the 
quantities to be isolated, purified, and 
used for a variety of purposes were con- 
siderable, to say the least. Later, several 
other of the heaviest elements, commonly 
called the actinide elements, which extend 
from actinium through curium (element 
96) were included for study. These sub- 
stances either arise directly in the chain- 
reacting pile or appear in certain phases 
of the atomic energy program and present 
potential health hazards because they all 
share the common property of radioactiv- 
ity. The members of this group sub- 
jected to metabolic study at Berkeley to 
date include thorium, protoactinium, nep- 
tunium (element 93), americium (element 
%), and curium. Tracer studies with 
uranium were done elsewhere (5, 6). 
As has been emphasized in the preceding 
paragraphs, it is obvious that the first 
step in the evaluation of the hazard to 


health presented by the possible entry 


into the body of both the fission products 
and the actinide elements was to study 
their metabolism. 

The tracer studies have included a 
survey of the metabolism of the fission 
products and plutonium in the rat follow- 
mg oral ingestion, inhalation, and paren- 
teral injection. The absorption, distri- 

* Element 61, which does not exist in a known stable 


orm im mature, was prepared at the Clinton Labora- 
tories, Oak Ridge, Tenn. 


bution, retention, and excretion were in- 
vestigated for each substance. Extensive 
radioautographic studies were made of 
those organs in which a high degree of 
selective localization took place in order 
that a correlation could be made between 
the accumulation of the radio-element 
with the microscopic anatomy of the tissue. 
The experimental animals employed for 
the tracer studies were adult male and 
female rats. The radio-chemically pure 
and carrier-free individual fission prod- 
ucts and plutonium were administered by 
parenteral injection, stomach tube, and 
intratracheal intubation in solutions of 
isotonic sodium chloride. The quantity 
of radioactivity administered to each ani- 
mal was in the range of from 0.5 to 5.0 
microcuries. This was done to avoid as 
much as possible any radiation effects that 
might have altered the normal metabolic 
state of the experimental animals. 

The rats were maintained in specially 
designed metabolism cages so that the 
feces and urine could be collected sepa- 
rately at daily intervals. The animals 
were sacrificed in groups of from three to 
nine at varying intervals after administra- 
tion of the different radio-elements. The 
usual time intervals were one, four, sixteen, 
and sixty-four days, although in some 
instances a few of the studies were less 
extensive, but in the case of plutonium, 
not only were the time intervals extended 
to nearly one year, but tracer experiments 
were made of this element in each of its 
principal three valence states, namely, 
plus 3, plus 4, and plus 6. Twelve to 
fifteen organs and tissues were removed 
and their radioactivity determined as 
well as the fraction eliminated in the 
excreta. 

The pulmonary intubation studies, which 
were somewhat qualitative in character, 
were extended by a series of aerosol ex- 
periments. A number of successful pro- 
cedures were developed and employed 
for the production of stable aerosols of 
the carrier-free mixture of fission products 
and plutonium in both soluble and insol- 
uble forms. Rats were exposed to these 
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AND CERTAIN op 


THE HEAVIEST ELEMENTS IN MAN AND THE RAT FOLLOWING PARENTERAL AND ORAL ADMINISTRATION 


Fission 


Half-Life (8) Yield (8) 


Radio-Element 
| 
| 
| 


Strontium 
Sr*? 
Sr%” 
Barium 
Ba! 40 
lodine 
['31* 
Cesium 
C5135 
Yttrium 
yi 
Lanthanum 
I a 140 
Cerium 
Ce! 41 
Ce! 44 
Praseodymium 
Pr! 43 
Element 61 
61 147 
Zirconium 
Zr® 
Columbium 
Cb” 
Ruthenium 
Ru! 
Ru 
Tellurium 
Te!?? 
Te!?9 
Thorium 
Th?*4 
Protoactinium 
Pa?*! 3 
Neptunium 
Np?8 
Plutonium 
Pu? 
Americium 
Am??*! 
Curium 
Cm?” 
Xenon 
Xe!33 


90 D 
32 D 
24.5 D 


x @ ¥ 


2D 

2.2 X 10° Y 
500 Y 
150 D 
5.3 D 


* Human studies (1). t Human studies (9). 


radioactive aerosols, and their absorption, 
distribution, retention, and excretion were 
followed for varying intervals extending 
for nearly a year (7). Radioautographic 
preparations were made of pulmonary 
tissue in both the intubation and aerosol 
studies. 

In addition to the experiments out- 
lined above, tracer studies were done 
following the parenteral and oral ad- 
ministration of thorium, protoactinium, 
neptunium, americium, and curium. Here, 
the time intervals ranged from one day 
to nearly a year. 


Absorption 


Distribution proportional to fat content of body; 


Accumulation 

in Principal 
Organs of 
Retention 


Rate of Elimination 
from Principal Organs 
of Retention (Half. 
time in the Pody 


Oral 


Bone 
Bone 


Bone 
, Bone 


5-60% 
5-60% 


>200 D 
>200 D 


5-60% , Bone Bone > 50D 


100% Thyroid Thyroid > 30D 


100% Muscle Muscle 15D 
Bone 
{Liver 
Bone > 


Bone 
>, Liver 
>, Bone 


>500 D 
10D 


25 D 


<0.05% 
<0.05% 


10D 
>200 D 
10D 
>100 D 
10 D 
>100 D 


Liver 
Bone 
{ Liver 
Bone 
‘Liver 
Bone 


Liver 
, Bone 
Liver 
( », Bone 
[ », Liver 
, Bone 


<0.05% 
<0.05% 


<0.5¢° 
<0.05% 


>100 D 
30 D 


Bone 
{Bone 
Blood 


Bone 
, Bone 
>, Blood 


<0.05% 
<0.5% 


, Kidney 
o, Kidney 


Kidney 
Kidney 


<0.05% 

<0.05% 
2 Blood 

Kidney 


, Blood 
, Kidney 


o 


RC 

( 
& 
») ‘ 


<0.05% , Bone Bone >200 D 


<0.05% Bone Bone >100 D 


<0.05% 60°%, Bone Bone > 50D 
Bone 

{Liver 
Bone 

{Liver 

| Bone 


65°%, Bone 
70%, Liver 
25°>, Bone 
‘70%, Liver 
25%, Bone 


0.007% 
<0.05% 


<0.05% 
half 


timet in the body two hours 


RESULTS 

The most important metabolic charac- 
teristics of the fission products and several 
of the actinide elements studied are listed 
in Table I. It is seen that most of the 
fission products and all of the actinide ele- 
ments included there are not absorbed toa 
significant degree by way of the digestive 
tract. Following parenteral administra 
tion, they are accumulated in the skeleton, 
and eliminated from this organ very 
slowly. Only five of the listed fission 
products are absorbed from the digestive 
tract to a significant degree, notably 
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srontium, barium, tellurium, iodine, and 
cesium. Xenon is readily and rapidly 
absorbed through the lungs following in- 
halation and is as readily eliminated from 
the lungs. Strontium and barium are 
deposited and retained to a high degree 
by the skeleton. Iodine is accumulated 


tribution of strontium, barium, tellurium, 
iodine, and cesium, following oral absorp- 
tion, is indistinguishable from their metab- 
olism after parenteral administration. 
With the exception of ruthenium, the re- 
mainder of the fission product series and 
all of the actinide elements listed in Table 
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Figure 1. 


and retained by the thyroid. Tellurium 
shows some accumulation in the kidneys 
and blood, with a rather rapid rate of re- 
lease from these tissues. Cesium is dis- 
tributed quite uniformly throughout all 
of the tissues, the greatest accumulation 
eeurring in the muscle, and it is quite 
Promptly excreted. The pattern of dis- 


I show a high degree of accumulation and 
prolonged retention by the skeleton as 
shown in Figures 1 and 2. In the case 
of lanthanum, cerium, praseodymium, ele- 
ment 61, americium, and curium, there is 
an initially high degree of accumulation 
by the liver, but they are quite rapidly 
excreted from this organ, presumably by 
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way of the bile (Figs. 3 and 4). Except 
for the liver, the content in the soft tissues 
was relatively small following the paren- 
teral administration of the fission product 
and actinide elements that are accumulated 
in the skeleton. After one month the 
spleen and kidney usually had the highest 
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their rates of radioactive decay. The 
long-lived fission products that fall into 
this category include Sr®, yo 7,% 
Ba’, La™, Cell, and Pr", With the 
exception of iodine in the thyroid, the 
remainder of the fission products listed 
in Table I, namely Ru, Ru, Tel” 


UPTAKE or THORIUM PROTOACTUMUM MEPTUMIUM, PLUTONIUM, ¢ 
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TIME 4/ DAYS 
Figure 2. 


concentration per gram unit weight, which 
ranged from one-tenth to one-quarter that 
of bone after two months or more. 

It will be noted in Table I that, with 
the exception of Cb”, and possibly Sr”, 
Ce!*4, and 61'*, the rates of elimination 
of the different fission products that are 
accumulated in the skeleton are less than 


Te!”, Xe!33, and Cs!*, are rapidly ex- 
creted and at rates greater than their 
half-lives. 

The rates of elimination from the 
skeleton of the actinide elements listed 
in Table I are very slow and, in the case of 
plutonium, the excretion in the rat falls 
to 0.01 per cent per day of the amount re- 
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maining in the body within a year follow- 
ing the intramuscular administration of this 
radioactive element. The metabolism of 
plutonium following intramuscular injec- 
tion is the same after the administration 
of this element as Pu*+, Pu‘+, and Pu‘t. 
This indicates that plutonium is con- 
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of undecalcified rat femurs (10). The 
metabolism of strontium in the skele- 
ton is very similar to calcium and, as might 
be expected, the radioautographs revealed 
that the accumulated radiostrontium in 
the femur was quite evenly distributed 
throughout the mineral structure of the 
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verted by the body to one valence state 
regardless of the valence of this element 
when administered. Considerable evidence 
has been accumulated to indicate that plu- 
tonium in the body is tetravalent. 
Radioautographic studies were made of 
the distribution of Sr*, Y%, Zr®, Cel44, 
Th, Pu*®, and Am*" in 5-micron sections 


bone (Fig. 5). The other radio-elements 
studied by this technic showed a startling 
deviation from the pattern of distribution 
of the radiostrontium. Plutonium ex- 
hibits this phenomenon to a marked 
degree, and in Figures 6 and 7 it can be 
seen that most of this element is deposited 
in the periosteum, endosteum, and in the 
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region of the trabecular bone. These re- shown in Figures 10 and 11. It is thought 
sults suggest that the plutonium in the that the material may be in the walls of the 
trabecular structure is not incorporated small blood vessels of the bone. 

in the bone but rather is deposited in the These studies suggest that accumulation 
covering of the trabeculae. The distri- of this group of radio-elements occurs 
bution in bone of yttrium, zirconium, ce- principally in the osteoid matrix. The 
rium, thorium, and americium resembles pattern of distribution does not appear 
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the pattern seen with plutonium with a to change significantly with time. Radio- 
few minor variations. A radioautograph autographs from adult rats that had re- 
of thorium is shown in Figure 8 and a_ ceived plutonium nearly a year before 
zirconium radioautograph in Figure 9. they were sacrificed showed no essential 
Some accumulation of a very spotty char- difference in the distribution of that radio- 
acter occurs in the cortex with cerium and element in the bone from studies m which 
americium, and representative bone radio- the animals were sacrificed a few days 
autographs of cerium and americium are after its administration. 
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Fig. 5. Femur from rat weaned to control diet at three weeks, injected with 5 microcuries of radioactive 
strontium intraperitoneally at five weeks, and sacrificed one week later. Note even deposition of radioactive 
strontium throughout the mineral bone and deposition in the calcifying trabeculae beneath the epiphyseal plate 


AgNO,, hematoxylin, and eosin. X6. 


The direct introduction into the lungs 
of Solutions of the carrier-free fission 
products and plutonium showed that 
those radio-elements that were not ab- 
sorbed from the digestive tract were re- 
tained by the lungs to a considerable 
degree and for a prolonged period of time. 
The fission products that were deposited 
and retained by the lungs included yttrium, 
arconium, columbium, ruthenium, lantha- 
tum, cerium, and praseodymium. Plu- 
‘onium also showed a high degree of re- 
teation by the pulmonary tissue, which 


was greatest for Pu‘* and least for Pu®*. 
Radioautographs indicated that the de- 
posited radio-elements were distributed 
throughout the lungs in the alveoli. No 
accumulation in the bronchial tree, lymph 
nodes, or blood vessels was noted, even 


after several months. Some absorption 
took place through the lungs for all of 
the substances retained by the lungs and, 
except for ruthenium, most of the ab 
sorbed material was deposited in the 
skeleton, as would be expected from the 
parenteral metabolic studies. Those fis 
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Fig. 6. Femur from adult rat (10-12 months old) injected with plutonium and sacrificed one week later. Note 
the superficial deposition of plutonium in the surface of the shaft and trabeculae, and the absence of plutonium 
from the epiphyseal cartilage. AgNO;, hematoxylin, and eosin. X14. 


sion products that are absorbed through 
the digestive tract; notably strontium, 
barium, tellurium, iodine, and cesium, 
were found to be readily absorbed through 
the lungs. 


These experiments, which were rather 
qualitative in character, were later fol- 
lowed by a large series of aerosol studies 
(7). An examination of particle sizes by 
means of the electron microscope indi- 
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Fig. 7. Femur from adult rat injected with 15 micrograms of plutonium and sacrificed at eight weeks. Note 
the superficial deposition of plutonium in the periosteum, endosteum, and region of trabecular bone, and the ab- 
sence of activity from the bone marrow. AgNO;, hematoxylin, and eosin. X9. 


tated that the fission product mixture was retained in the rat. The retention 
and plutonium aerosols were composed was divided almost equally between the 
principally of particles ranging in diameter lungs and the upper respiratory tract. 
from 0.5 micron to 0.1 micron. Approxi- The material in the upper respiratory 
mately 75 per cent of the material inhaled tract was rapidly removed, presumably 
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Fig. 8. Femur from adult rat injected with 32 microcuries of thorium and sacrificed after eight days. Note 
the similarity to plutonium. AgNO;, hematoxylin, and eosin. 7. 


by ciliary action, and appeared in the 
feces. The fraction remaining in the 
lungs was eliminated quite slowly. Eight 
months after exposure to a PuQ, aerosol, 
4 per cent of the total quantity inhaled 
still remained in the lungs. Comparable 
values were observed with aerosols of 
PuO.(NO;)2 and the long-lived fission 
products. There was very little absorption 
from the lungs and subsequent deposition 


in the skeleton following the inhalation 
of the PuO, and the fission product 


aerosols in an insoluble form. However, 
nearly 10 per cent of the plutonium, when 
inhaled as an aerosol of PuO2(NOz)s; 
was absorbed through the lungs in the 
first twenty-four hours and deposited in 
the skeleton. Little absorption occurred 
after the first day. From the qualitative 
data obtained by the tracheal intubation 
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Fig. 9. Femur from adult rat injected with 10 microcuries of zirconium and sacrificed at twenty-one days 
Note the similarity to plutonium. AgNO;, hematoxylin, and eosin. X8. 


studies with the individual fission prod- active material was deposited in both the 
ucts and the PuO.(NO;). aerosol experi- bronchial tree and the air sacs. Within 
ments, it appears probable that the inhala- one day the material in the bronchial tree 
tion of aerosols of soluble compounds of vanished (Fig. 13); presumably it was 
all the fission products and the actinide moved out by ciliary action and swallowed 
elements would result in at least some inthesputum. The large fraction remain- 
absorption from the lungs. ing in the lungs was quite evenly dis- 

Radioautographs of pulmonary tissue tributed throughout the alveoli, and the 
from the aerosol studies (Fig. 12) revealed pattern of distribution showed little change 
that, immediately after inhalation, the with time. The slow and continued re- 
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lease of active material from the alveoli 
probably also took place primarily by way 
of the bronchial tree. This deduction is 
based on the observation that the fecal 
excretion of plutonium and the fission 
product mixture closely corresponded to 
the elimination of these materials from 
the lungs. 
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Fig. 10. Femur from adult rat injected with 10 microcuries of cerium and sacrificed at eight days. Note simi- 
larity to americium (Fig. 11). AgNO, hematoxylin, and eosin ef 


DISCUSSION 

The most interesting aspect of the re- 
sults obtained from this work are the 
metabolic patterns observed of the fission 
products and actinide elements following 
parenteral administration. Here we see 
the response of the animal organism to 
extremely minute traces of a series of dif- 
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Fig. 11. Femur from adult rat injected with 8 micrograms of americium, and sacrificed at sixteen days. 
the spotty distribution of the element in the shaft and the heavy deposition in areas of bone trabeculae. 


hematoxylin, and eosin. 8. 


ferent elements. The majority of the 
elements investigated either are not nor- 
mally present in the body in detectable 
quantities, or they are new elements not 
existing in nature and which have been 
made by artificial means. Substances 
studied that fall into the latter group are 
element 61, neptunium, plutonium, ameri- 
dum, and curium. 


Note 
AgNOs, 


Space does not permit a discussion of a 
number of the unusual results obtained 


from these experiments. The surprising 
predilection of many of the long-life 
fission products and the actinide elements 
for prompt deposition and prolonged re- 
tention in the skeleton is noteworthy. A 
closer study of this phenomenon has 
brought to light information of both 
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Fig. 12. Lung from rat sacrificed immediately after inhalation of aerosol of plutonium oxide. Note plu- 
tonium deposition on the walls of bronchi and bronchioles and throughout the alveolar structure. Note 
the absence of plutonium from blood vessels. Hematoxylin and eosin. X8. 


academic and practical importance. As bone and were subjected to radioauto- 
has been already pointed out, all of these graphic study, with the exception of stron- 
radioactive elements that accumulate in tium, are not deposited in the mineral 





Fig. 13. _ Lung from rat sacrificed one day after inhalation of an aerosol of plutonium oxide. Pluto- 
nium has disappeared from the bronchial surfaces but large amounts are distributed throughout the 
alveolar structure. Hematoxylin and eosin. X8. 
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structure of bone, but rather appear to be 
localized in and adjacent to the osteoid 
matrix. To date, this behavior has been 
observed to occur with yttrium, zirconium, 
cerium, thorium, plutonium, and ameri- 
cium. In view of certain similarities of 
chemical properties, together with related 
metabolic characteristics, it seems likely 
that comparable patterns of histological 
distribution in the bone will be encountered 
with lanthanum, praseodymium, neody- 
mium, element 61, samarium, europium, 
actinium, neptunium, and curium. Very 
possibly the same phenomenon will be ob- 
served with columbium and _ protoactin- 
ium. 

The large fraction of lanthanum, cerium, 
praseodymium, element 61, americium, 
and curium deposited in the liver was an 
unexpected finding. This effect was ap- 
parently not due to accumulation of these 
radio-elements by the reticulo-endothelial 
system, since the uptake per gram in the 
spleen ranged from 1/40 to 1/70 of the 
maximum concentration in the liver. 


Moreover, the rapid excretion from the 
liver is evidence against the deposition of 


these substances in the reticulo-endo- 
thelial system. The prediction can be 
made, on the basis of the close similarity 
of chemical properties, that the high level 
of uptake by the liver will be also ob- 
served with neodymium, samarium, and 
europium. 

Obviously much work yet remains to be 
done before speculations such as these 
can be transformed into established facts. 

The practical aspect of the unique be- 
havior of these fission product and acti- 
nide elements that are deposited in bone 
is worthy of considerable attention. In 
the first place, with the possible exception 
of columbium, all of these substances 
accumulated in bone are released at a 
very slow rate. This, of course, places 
them in the category of radium in so far 
as retention in the skeleton is concerned. 
Some of them, particularly most fission 
products, have half-lives very much shorter 
than that of radium, and they emit 
beta particles instead of alpha particles. 
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This reduces somewhat their hazardous 
nature, but these factors are only quan- 
titative, not qualitative. The majority 
of the actinide series possess the unde- 
sirable characteristics of radium in that 
they have both long half-lives and emit 
alpha particles. In addition, a number 
of the fission product and actinide ele- 
ments have been shown to possess the curi- 
ous property of accumulating in the region 
of the osteoid matrix and it is predicted 
that more of these elements will demon- 
strate the same effect. As a result of this 
phenomenon, radiations emitted from such 
substances can enter the marrow cavity 
most effectively, since these elements are 
laid down in a thin layer of tissue adjacent 
toit. This situation is particularly serious 
for those materials which emit alpha 
particles, because a large proportion of all 
disintegrations will result in the bombard- 
ment of the radiosensitive bone marrow. 
Radium can be predicted to be consider- 
ably less of a menace for comparable 
amounts of radioactivity than, for example, 
plutonium, for it is presumably distributed 
throughout the mineral structure of the 
skeleton with the result that most of the 
radium alpha particles are absorbed within 
the apatite structure of the bone and only 
a small fraction of the total number of 
disintegrations can escape to irradiate 
the blood-forming tissues. 

Radiation Laboratory 


University of California 
Berkeley 4, Calif. 
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SUMARIO 


El Metabolismo de los Productos de Fision y los Elementos Pesados 


Como primer tiempo en las justipreci- 
acién del riesgo que entrana para la salud la 
entrada, en el cuerpo, por varias vias, de 
las sustancias radioactivas producidas por 
la pila de reacciones en cadena, ejecu- 
taronse en las ratas estudios metabélicos en 
relacién con los productos de fisién y del 
plutonio y ciertos otros de los elementos 
mas pesados o actinidas. 

Ni la mayor parte de los productos de 
fisién ni ninguno de los elementos actinidas 
fueron absorbidos en mayor grado por via 
digestiva, aunque se acumularon en el 
esqueleto, del cual fueron eliminados con 
mucha lentitud. Obtuviéronse autorradio- 
grafias de varios de los radioelementos, 
observandose que, con excepcién del es- 


troncio, se depositaban principalmente en 
la matriz osteoidea y junto a la misma, mas 
bien que en la porcién mineral del hueso. 
Esta situacién reviste mayor gravedad con 
respecto a las sustancias que emiten par- 
ticularas alfa, dado que una gran propor- 
cién de todas las desintegraciones daran por 
resultado el bombardeo de la radiosensible 
médula ésea. 

Varios de los elementos radioactivos se 
depositaron en el higado en cantidades 
considerables, pero este efecto aparente- 
mente no se debia a acumulacién por el 
aparato reticulo-endotelial, observacién 
esta comprobada por la rapida excrecién de 
dichas sustancias por el aparato men- 
cionado. 











Histological Changes Following Radiation Exposures' 


WILLIAM BLOOM, M.D. 
University of Chicago 


UR GROUP, which consisted of Drs. 
& ooo DeBruyn, Pierce, and 
Snider, Miss Rhoades, Miss Heller, my 
wife, and, for part of the time, Drs. Block, 
Conway, Jacobson, and Lisco, examined 
large series of animals, exposed to a variety 
of external and internal sources of radia- 
tion: x-rays; fast and slow neutrons; gam- 
ma rays from radium and from the Clinton 
pile; beta rays from the external phospho- 
rus source mentioned previously in this 
Symposium, and internally administered 
radium, plutonium, sodium”, phosphorus*?, 
barium!”, lathanum!”, strontium’, radio 
zirconium, yttrium®’', and in a few in- 
stances radio cerium. The work was done 
under the general direction of Dr. R. S. 
Stone and was carried out in the labora- 
tories supervised by Dr. Kenneth S. Cole 
in Chicago and Dr. Howard J. Curtis at 
Clinton Laboratories. 

Most of our experiments were stereo- 
typed. Animals were given the LD50/30- 
days dose and fractions thereof with the 
hope that we would find the lower limit of 
irradiation damage as shown by the micro- 
scope. Most of the animals used were 
mice and rats. There were also fair 
numbers of rabbits, a few guinea-pigs, 
and some chickens. In addition to this 
general type of experiment, there were 
several series in which animals were given 
repeated doses of external radiations. 
Two such series after gamma irradiation 
were produced for us by Dr. Lorenz at the 
National Cancer Institute. Unfortunately, 
most of these animals have not yet been 
examined. 

In view of the enormous literature on 
radiation effects during the last fifty years, 
it is surely unnecessary to stress the radio- 
sensitive in contrast to the radioresist- 


ant organs,, The skin, the blood-forming 
organs, the gonads, the gastro-intestinal 
tract, the thymus, are the main sites of 
the action of radiations. In the brief 
space that I have the best I can do is to 
discuss our general findings and to point 
out also a few specific histological obser- 
vations. 

First, irrespective of the particular 
external source, if the dosage was in the 
LbD50/30-days range or in equivalent 
fractions thereof, we were unable to tell 
which type of radiation had been used on 
the animals. That is, given a particular 
animal, if it received the LD50/30-days 
dose, we could not tell whether it had been 
treated by slow or fast neutrons, x-rays, or 
gammarays. Wecould tell, however, inthe 
case of external beta rays because the 
changes were limited to the skin except in 
mice, where we sometimes found damage in 
the outer surfaces of the spleen and testes 
and in the ovary. As is well known, the 
ovary in the mouse is especially susceptible 
to radiation damage and with none of the 
radioactive materials or external radiations 
applied to mice have we seen greater dam- 
age to the ovary than after external beta 
irradiation. 

After injection of the radioactive mate- 
rials, the damage qualitatively was the 
same with all of the materials, and the 
same results were produced as by the 
external irradiations, modified only by 
(a) whether the materials reached a par- 
ticular organ and (b) the type of particle 
emitted by the radioactive isotope. That 
is, the greater trajectory of the beta- 
emitting substances causes a greater range 
of damage from the point of focus as con- 
trasted with alpha-emitting materials, but 
the types of damage produced are the 


! The work reported herein was done in the Metallurgical Laboratory, University of Chicago, and in Clinton 
Laboratories, Oak Ridge, Tenn., under the Manhattan Project. This paper is a very brief version of material to 
be published in the Plutonium Project Record of the Manhattan Project Technical Series. Presented at the 
Thirty-second Annual Meeting of the Radiological Society of North America, Chicago, Ill., Dec. 1-6, 1946. 
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same, irrespective of the source of external 
or internal irradiation. The differences 
are due to focalization. For instance, 
sodium’*, which is highly diffusible, gives 
the histological picture of total body ir- 
radiation from an external source. 

Many of the radioactive materials, as 
Dr. Hamilton has pointed out, tend to 
localize in bone; many of them also localize 
in the spleen and kidney. In the spleen 
and bone the effects are what we expected 
from irradiation in general. The kidney, 
we found to be exceedingly resistant, even 
after the accumulation of large amounts 
of radioactive materials in its substance. 
[shall return to the internally administered 
isotopes shortly. 

In general, I would say that we found 
no histologic evidence for the cause of 
death following irradiation. That is, we 
could see no differences between the 
animals which died with an LD50/30-days 
dose and those which did not die after the 
same dose. 

We were impressed by the occurrence of 
waves of destruction in some of the ani- 
mals that received high dosages of radia- 
tion. For instance, in the rabbit there is 
almost complete destruction of the bone 
marrow after the LD50/30-days dose of 
X-rays; in nine days regeneration begins 
and may go on for a few days and then 
disappear again as a result of a new phase 
of degeneration. I have no idea why this 
occurs, though I understand that clinically 
it is a well-known phenomenon in the skin 
after a single dose of x-ray. One could 
speculate on somatic mutations but we 
have no evidence on this point. 

I wish that we knew something about 
what might be called ‘acquired radio- 
resistance,” of which there are suggestions 
i some of our animals given repeated 
dosages. I know hardly more about the 
subject than to raise the question. I 
think it is a fruitful field for future inves- 
tigation. ; 

As you know, there are marked species 
differences in the 1p50/30-days dose in 
diferent animals. In general, but not 
always, for a particular organ the histo- 
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logic changes reflect the amount of radia- 
tion and not the lethal or morbid effect 
on the animal. For instance, in the lym- 
phatic tissue, in the guinea-pig, after 175 r 
(which is roughly the Lp50/30-days for 
our guinea-pigs), the changes in the lymph 
nodes were about the same as in rabbits 
or rats given similar doses, though the 
LD50 for these animals is much higher 
than for the guinea-pig. 

It was rather difficult for us to compare 
the effects of our total body irradiations 
with most of the reports in the literature 
because many of the latter are based on 
local irradiation of a particular organ. As 
a result of our attempts to make this 
correlation, we feel fairly strongly that 
there is something in a total body irradia- 
tion which causes greater damage to a 
particular organ than localized irradiation 
at a much higher dosage. It is difficult 
to prove this, but in the few attempts 
at shielding that we made, and on 
the assumption that more recent reports 
in the literature give dosages comparable 
to the ones we were using, I feel there is a 
good deal of evidence for an intangible, 
indirect effect, though that is as far as I can 
go. 
One of the old ideas running through the 
entire radiological literature is that small 
doses of x-rays exert a stimulating effect. 
This is one point on which we feel we can 
make some fairly definite statements. In 
our series, in which the dosages were cut 
down in the hope of finding a point where 
we could say definitely, ‘‘Below this point 
we do not find damage,’ we rarely found 
any deviation from normal with whole-body 
doses of x-rays below 25 r. We continued 
with diminishing doses below this point. 
If there were a primary stimulating effect, 
we should have seen it, and we did not. 
Either we found destruction or we found no 
difference from the control animals. 

Another check on this problem was 
obtained with the internal sources of 
radiation and also the external beta rays. 
It has already been pointed out that ex- 
ternal beta irradiation cause damage to 
the spleen, ovaries, and testes of mice. 
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The appearance in the spleen and testes of 
a zone of severe damage, a zone of lesser 
damage, and then a gradual transition 
to normal tissue was most striking. In 
none of this material and in none of the 
foci of damage about localized, internally 
administered radioactive isotopes did we 
see at the periphery of the zone of damage 
anything other than normal tissue. In 
short, if there was a primary stimulating 
effect of radiation, we should have seen it 
either with our smallest doses of externally 
administered radiation or about some of 
the foci of internal focalization. 

Another idea which is widespread is that 
the more primitive the cell, the more sus- 
ceptible it is to radiation. This may be 
true with some strains of cells; it is cer- 
tainly not true with others. I think the 
first investigator to point out at least one 
of the flaws in this theory was Laccasagne, 
who studied the ovary of the rabbit. In 
a beautiful paper in 1913, he pointed out 
that in the developing ovum and its fol- 
licle the susceptibility to radiation did not 
mirror the youthfulness of the ovum. He 
found in these ovaries that sensitivity was 
a function of the cell strain at different 
times in its development, and did not 
depend exclusively on youth. In our 
work, the most striking example of radio- 
resistant primitive cells is the macrophage 
system (reticular cells). These are ex- 
ceedingly resistant. In fact, I fail to 
recall any evidence of degenerating re- 
ticular cells in any of our animals, though 
the free precursors of the blood cells, 
which can and do develop from the re- 
ticular cells, are exceedingly susceptible 
to radiation injury. 

It is also widely believed that mitosis 
is a predisposing factor toward radiation 
damage. The evidence for this, I think, 
is not at all clear. We are especially 
puzzled by the fact that if one examines 
the testis, the most sensitive cells are 
found to be the spermatogonia, many of 
which are not in mitosis at any given time, 
while the spermatocytes—a very high 
percentage of which are always dividing— 
are on the whole quite radioresistant. So 
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that mitosis or meiosis in the case of the 
spermatocytes—is not, in my opinion, a 
predisposing factor toward radiosensitivity. 

To me the most interesting point in 
our whole problem has been the general 
question of why certain strains of cells are 
sensitive and why others are extremely or 
moderately radioresistant. After more 
than three years’ association with this 
project, I regret to say that I have not 
even a clue on which to speculate. I don't 
believe that it is primitiveness of cells 
as such; I don’t believe it is mitotic actiy- 
ity. I find it is very difficult to under- 
stand why cells of the pancreas should be 
so highly radioresistant and why many 
cells of the intestinal tract should not 
be resistant. 

A few words should be said about 
some of the radioactive isotopes. As Dr. 
Hamilton has shown, many of them—par- 
ticularly the fission products—go to bone. 
Plutonium seems to have an affinity for 
collagenous tissue, and the matrix of bone 
is collagenous. I think there is a difference 
between the mode of entry of calcium 
substitutes into bone salt and the manner 
by which plutonium gets into bone matrix, 
but I believe there can be no question of 
the fact that plutonium gets into bone, 
and I agree with Dr. Hamilton that it cer- 
tainly stays there. 

There was a marked difference, in our 
experience, between mice and rats. Since 
we see the mice when their bones have 
practically ceased growing, the experi- 
ments with the radioactive isotopes in 
these animals would correspond fairly 
well to the deposition of these same sub- 
stances in adult human beings. In the 
mice, the essential effect of the isotopes 
is destruction of the bone in areas in which 
they lodge, and of circumjacent bits of 
bone marrow. The beta-emitting sub- 
stances like barium’ and strontium” 
can completely deplete the bone marrow of 
a mouse. The hematopoietic function 1s 
taken over by the spleen, which normally 
produces a certain amount of red blood 
cells and granular leukocytes in these 
animals. 





Vol. 49 


In 
seeki 
the r 
tinuo 
jsotoy 
only 
the z 
physi 
kill t] 
lengt! 
tive f 
entire 
and t 
A ve 
devel 
sis W 
inject 

Zir 
dium. 
in lar 
spleer 
secon 
age tl 
them 
the ov 
As m 
these 
and 


Cor 
cépica 
de la 
histol< 
cobay: 
dosis « 
beta, 
dos p 
cién: 
rayos 
radioa 
jante. 
légicos 
consec 

En 
érganc 


ber 1947 


of the 
on, a 
ivity. 
nt in 
neral 
Is are 
ely or 
more 

this 
e not 
don’t 
cells 
activ- 
nder- 
‘Id be 
many 
1 not 


about 
s Dr. 
par- 
bone. 
y for 
bone 
rence 
lcium 
anner 
atrix, 
on of 
bone, 
t cer- 


1 our 
Since 
have 
‘peri- 
es in 
fairly 
sub- 
1 the 
topes 
vhich 
ts of 
sub- 
ium* 
ow of 
on is 
nally 


ylood 


these 








Vol. 49 


In the case of rats, the effect of the bone- 
seeking isotopes is a bit different, since 
the rat is, for practical purposes, a con- 
tinuously growing animal. In the rat the 
isotopes that seek bone come down not 
only in old bone but predominantly in 
the zone of new bone growth in the meta- 
physis, and for all practical purposes they 
kill this entire zone. This stops growth in 
length of the bone for a while, but a repara- 
tive process then sets in and eventually an 
entirely new epiphyseal line is produced 
and the bone continues to grow in length. 
A very early osteogenic sarcoma which 
developed adjacent to the dead metaphy- 


sis was found five months after the 
injection of strontium”. 
Zirconium, strontium®’, barium!*, ra- 


dium, and plutonium are also deposited 
in large amounts in the red pulp of the 
spleen. From the sternum they produce 
secondary injury in the thymus and dam- 
age the lymph nodes severely. Many of 
them cause great damage to the testis and 
the ovary, in fact sterilizing both gonads. 
As mentioned above, large amounts of 
these materials accumulate in the kidney 
and apparently produce no _ injurious 
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effects there. The radioactive isotopes 
which are not absorbed when given by 
mouth produce severe damage to the in- 
testinal tract. 

Radium alone, of all the materials we 
studied, produced very serious calcifying 
arteriosclerotic changes in the walls of 
the blood vessels. 

There is one point that we did clear up, 
I think, and that is the question of the 
sensitivity of erythroblasts. With a few 
exceptions, almost everyone who studied 
the bone marrow after irradiation seems to 
have avoided the question of the radio- 
sensitivity of erythroblasts. In our 
material, it seemed quite obvious that the 
erythroblasts were exceedingly sensitive 
to irradiation. They are about as sen- 
sitive as the lymphocytes. We made our 
observations first on mammals, but it 
can very easily be proved in chickens. 
The effect of 800 r of x-rays on the bone 
marrow of a chicken is so marked that by 
the end of two hours all evidence of in- 
travascular formation of red blood cells 
has been destroyed. 


Department of Anatomy 
University of Chicago 
Chicago 37, Ill. 


SUMARIO 


Alteraciones Histoldgicas Consecutivas a la Exposicidn a las Radiaciones 


Con la esperanza de descubrir micros- 
cépicamente el limite patégeno inferior 
de la irradiacién, efectudronse estudios 
histolégicos en ratones, ratas, conejos, 
cobayos y pollos que recibieron varias 
dosis de radiaci6n. Exceptuados los rayos 
beta, fueron idénticos los efectos produci- 
dos por varios focos externos de irradia- 
cién: neutrones lentos y veloces, rayos X y 
rayos gamma. La inyeccién de isotopos 
radioactivos produjo lesiones de tipo seme- 
Jjante. No se descubrierdn signos histo- 
légicos que indicaran la causa de la muerte 
consecutiva a la irradiaci6n. 

En general, pero no siempre, en un 
organo dado las alteraciones histolégicas 





reflejaron la dosis de irradiacién recibida y 
no el efecto letal o morbigeno sobre el 
animal, de modo que fué muy similar el 
efecto de una dosis dada sobre los ganglios 
linfaticos de los cobayos y conejos, aunque 
es muy distinta la dosis letal para las dos 
especies. La irradiacién total del cuerpo 
parecié ocasionar mas dafio en un 6rgano 
dado que la irradiacién local con una dosis 
mayor, pero no hay prueba absoluta de 
esto. 

No se observaron signos de un efecto 
estimulante primario de la radiacién, y 
rara vez se notaron desviaciones de lo 
normal con dosis de rayos X inferiores a 25 
r aplicadas a todo el cuerpo. 
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No se descubrieron datos de que la sus- 
ceptibilidad a la irradiacién se vincule con 
la juventud de la célula ni de que la cario- 
quinesis fuera un factor predisponente a la 
patologia debida a la irradiacién. 

El efecto de los isotopos radioactivos fué 
muy distinto en los ratones y las ratas. 
En los ratones, en los que habia cesado la 
osteogenia, el efecto esencial consistié en 
destruccién del hueso y de los fragmentos 
circunyacentes de médula désea. En las 


ratas, en las que la osteogenia es casi con- 
tinua, el isotopo se deposit6 predominante- 
mente en la zona de neogenia en la meta- 
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fisis, con destruccién total de la zona, 
seguida con el tiempo de regeneracién, 

Otros efectos nocivos de los isotopos in- 
yectados comprendieron lesiones secun- 
darias en el timo y ganglios linfaticos, y 
lesiones de los testiculos y ovarios, cul- 
minando en esterilidad. No se observé 
patologia debida a los depésitos acumula- 
dos de isotopos en los rifiones. La admi- 
nistracién oral fué seguida de lesiones gas- 
trointestinales. El radio fué el tinico que 
produjo alteraciones arterioescoleréticas en 
forma de calcificacié6n. Los eritroblastos 
se mostraron muy radiosensibles. 





The Biologic Effects of Pile Radiations'’ 


P. S. HENSHAW, Ph.D., E, F. RILEY, and G. E. STAPLETON 
Clinton Laboratories, Oak Ridge, Tenn. 


N EXTENSIVE biological program was 
A undertaken as a part of the Man- 
hattan Project when it was realized that 
hazardous amounts of high-energy radia- 
tions would frequently be encountered 
during the production of plutonium and 
the various radioactive isotopes. The 
studies undertaken were directed toward 
a determination of biological effects such 
as might be encountered on the project. 
The most immediate need for an in- 
vestigation was the provision of a more 
adequate experimental basis for the toler- 
ance levels adopted to protect personnel. 

Although it was considered important to 
determine the maximum dose of radia- 
tion which could be absorbed with im- 
punity, it was also considered important 
to determine the effects produced under a 
wide variety of experimental conditions 
and, if possible, some features of the mech- 
anism whereby these changes occurred. 
The latter general objective accordingly 
consisted of the determination of biologic 
effects resulting from various radiations 
and various types of exposure; also it 
included examination of results for clues 
indicative of the methods of radiobiologic 
action. 

Some of the specific objectives were: 
(1) to determine the nature of late ir- 
radiation damage in animals receiving (a) 
small periodic doses and (b) near lethal 
doses of fast and slow neutrons, gamma 
rays, and beta particles; (2) to determine 
the relative effectiveness of fast and slow 
neutrons and gamma rays (penetrating 
radiations); (3) to obtain information on 
thresholds and tolerance levels in animals 
receiving the various treatments; (4) to 
determine species and séx idiosyncrasies; 


_ 


(5) to gather information on the mecha- 
nism of radiobiologic action. 

The findings in investigations directed 
toward achieving these objectives were 
expected to be of value to future de- 
velopments, such as the treatment of 
radiation injury, cancer therapy, the thera- 
peutic applications of radiations to other 
ailments, and the use of radioactive sub- 
stances in biological research. 


METHODS AND MATERIALS 


Radiation Sources: A fast neutron may 
arbitrarily be described as a neutron 
“more likely to produce an ionization 
track by elastic scattering than by being 
captured,” that is, with energies from 
10* ev. to more than 4 Mev. By the same 
reasoning a slow neutron may be described 


as one more likely to produce an ionization 
track by being captured than by elastic 
scattering, with energies less than 10° ev. 

The fast and slow neutron studies were 
made by means of special carts designed 
to provide space for animals during treat- 
ment and facilities for intensifying and 


purifying the radiation to be used. For 
reasons of security, a description of these 
facilities will have to be omitted at this 
time. The carts, containing the animals, 
were wheeled into the center of the pile 
and were thus subjected to the action of a 
high neutron field. Suffice it to say that 
by means of the carts a field was obtained 
for the animals in one case which was pre- 
dominantly fast neutrons and in another 
which was predominantly slow neutrons. 
In Project reports (MonH 115-117) 
a careful analysis is given of the nature 
and amount of impurities in each instance. 

Fast neutrons were measured in ‘“‘n,” 


1 ™ . . ° ° 
The work reported herein was done at Clinton Laboratories, near Oak Ridge, Tenn., under the Manhattan 


Project. 
hattan Project Technical Series. 
North America, Chicago, Ill., Dec. 1-6, 1946. 
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the amount of ionization produced by 
fast neutrons which discharges a Victoreen 
r-meter one scale unit. The ‘‘n’’ values 
given subsequently were all obtained in 
this manner and corrected to be in accord 
with the Berkeley 100-r chamber as a 
standard. Slow neutrons were measured 
in “a’’ (arbitrary units, obtained with a 
Victoreen r-meter enclosed in a special 
boron-carbide box). Both the ‘‘n” and 
“a” values obtained, however, were con- 
verted into neutrons per square centimeter 
by special means which permitted more 
direct comparisons. 

Gamma rays were obtained from a pile- 
activated slug of tantalum oxide. This 
was located within a large concrete shield 
with appropriate gates, in such a manner 
as to allow animals to be wheeled on a cart 
into the intense field of radiation. When 
the slug was properly activated, an in- 
tensity of 3 r per minute was obtained at 
30 cm. distance. 


Beta rays were obtained from _ pile- 


activated phosphorus arranged in sheets 
in such a manner that animals could be 
enclosed within boxes of ‘“‘hot’’ material. 
This radiation was measured in “‘rep”’ 


(roentgen equivalent physical), and 
accordingly beta ray doses could be com- 
pared with gamma ray doses. 

Biological Materials: Mice were chosen 
for the experiments with penetrating 
radiations because they were readily avail- 
able and because they could be used in 
statistically significant numbers despite 
time and space limitations. As a rule, 
100 to 125 mice were used to establish 
the effects at any of the dose levels for 
the different radiations and for each sex 
and strain. In the case of beta rays both 
mice and rats were used. 

Carworth CF, mice were chosen as the 
standard strain and therefore used at all 
the dose levels selected. Bar Harbor ABC 
mice were used at key dose levels to check 
for strain idiosyncrasies. Two special 
strains (A and C58 mice) were used in 
limited numbers to determine the effects 
of fast neutrons and gamma rays on 
animals with high lung tumor and high 
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leukemia incidence, respectively. Mice of 
both sexes were used to determine effects 
which might be peculiar to either sex. 

The animals were handled in groups of 
25, each group being kept in a separate 
cage which was properly marked to identify 
the group. Once a week the animals were 
placed in clean cages and checked, to be 
sure that all could be accounted for. Af 
groups were weighed at intervals of one 
to two weeks, individual weights being 
obtained for certain groups. In order 
that progressive changes induced in the 
organs of the mice could be followed, 
animals were sacrificed at regular intervals. 
From at least one group of each treatment 
condition six mice were designated as 
blood-count animals by special marking. 
Cages were checked at least once a day, 
and more often twice a day, in order 
that all dead or moribund animals could 
be removed for autopsy. Records were 
kept of the date of death, the terminal 
condition of the animal, and, where pos- 
sible, the cause of death. 

From nearly every shipment of mice 
received, at least one group of 25 animals 
was set aside either as specific or as general 
controls. Those designated as_ specific 
controls received each day the same 
handling as the experimental mice except 
for exposures to radiation. Those des- 
ignated as general controls were never 
taken from the air-conditioned animal 
farm. A comparison of the life span of 
these two types of controls served to in- 
dicate any deleterious effect other than 
that of radiation which affected the experi- 
mental mice. 

Exposure Technic: All the radiation 
treatments were given in the pile building, 
but all other routine operations were done 
in the animal farm. This necessitated 
the daily transfer of large numbers of mice 
from one building to another, a distance 
of some 300 yards. To expedite this trans- 
fer, special cages and racks with wheels 
were constructed. The experimental 
groups and the specific control groups 
were kept on these racks rather than on 
shelves in the animal farm. The racks 
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were rolled onto a truck, moved to the pile 
building, where they were unloaded by an 
electric loader, and then taken by elevator 
to the room where the animal exposures 
were made. 

Dose Levels: The program of periodic 
exposures was developed with the major 
emphasis on fast neutron rather than 
gamma ray exposures. Four dose levels (13, 
4.3, 1.15, 0.115 n) were empirically chosen 
for the daily fast neutron exposures. CF, 
mice, as a standard strain, were exposed 
at all four of these levels. Three months 
after the periodic fast neutron exposures 
were started, an evaluation of the results 
indicated that 1.15 n per day would be 
most useful for a study of late irradiation 
effects. Therefore, the 1.15 n per day 


treatment was considered to be the key 
dose level, and a second strain of mice, 
ABC, was started at this same level to 
check for strain peculiarities. 

Although the dose levels chosen for the 
periodic gamma ray exposures were se- 
lected to parallel the fast neutron exposures, 


the limits of time and facilities did not 
permit the development of the complete 
series for gamma ray exposures. There- 
fore, it was decided to establish a dose 
level biologically equivalent to the key 
fast neutron dose and a second dose 
roughly equivalent to one-tenth this 
amount. Since previous experiments 
with massive single doses had indicated 
that 1 n was 7.5 times as effective as 1 r, 
8.6 r per day was adopted as the key 
gamma dose level. Both CF; and ABC 
mice were exposed at this level. The other 
gamma ray dose level chosen was 10 r 
per day, which corresponds roughly to the 
lowest fast neutron level. 

Criteria of Effects: Weight, death, and 
autopsy records were obtained for all 
individual animals where possible. His- 
tologic and hematologic examinations were 
made periodically on _ representative 
animals. Thus, in addition to having 
progressive weight, blood, and histologic 
pictures, the length of life and terminal 
conditions were available. Care was 
taken to eliminate from the final tabu- 
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lations records of animals killed by ac. 
cident or which could not be satisfactorily 
autopsied. 


RESULTS 


Periodic Treatments (Fast Neutrons and 
Gamma Rays): Figure 1 shows a repre- 
sentative set of data for CF, female mice 
which received different daily doses of 
fast neutrons. Where the survival curves 
do not go to zero, the studies had not been 
completed when this paper was written, 
From such graphs it is possible to obtain 
the progressive weight changes, the time 
of 50 per cent survival, the accumulated 
dose when 50 per cent were dead, ete. 
At a glance it is apparent that the length 
of life is shortened in accord with daily 
exposure to fast neutrons and that the 
total dose when half had died was 200 to 
250 n. 

Figure 2 shows the results obtained with 
gamma rays. By means of the data in 
Figures 1 and 2 it was possible to obtain 
Figure 3, which shows per cent shortening 
of life as a function of fast neutron exposure 
in n. By placing the point representing 
the percentage shortening of life caused 
by 8.6 r of gamma rays, one obtains a 
ratio of effectiveness of the two kinds of 
radiation. It would appear then that 
0.25 n and 8.6 r have the same effect; or 
that the effectiveness ratio is 1 to approxi- 
mately 35. This is very different from 
the 1 to 7.5 ratio for acute killing of 
mice, which furnished the basis for se- 
lecting the 1.15 n and 8.6 r dosage values 
for use. 

The data available do not show a precise 
threshold dosage value for the shortening 
of life, but for CF, mice as used, it appears 
to be approximately 1 r and something less 
than 0.1 n. 

Hematologic changes for the most part 
were absent in animals receiving doses of 
1.15 n or 8.6 r or less per day. Irradiation 
effects on the blood picture in this strain 
of animals are, however, somewhat ob- 
scured by the fact that the leukocyte level 
drifts downward with age. 

No significant differences were observed 
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Fig. 2. Weight (circles), dose (triangles), and survival (V’s) curves for 
i female mice receiving different doses of gamma rays. 


353 





354 P. S. HENSHAW, E. F. Ritey, G. E. STAPLETON 


with respect to sex, although the CF, 
males were found to be less reliable as test 
material because of pugnacious instincts. 
Some differences were noted with respect 
to species. The ABC mice were definitely 
more resistant than CF,; more exposure 
was required to produce the same degree of 
shortening of life. 

Terminal changes were mainly of two 
types: generalized atrophy (premature 
aging) and mediastinal lymphomatosis. 
The incidence of lymphoma was about 
15 per cent in controls and was raised to 
two or three times that figure by the 1.15 
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dose is approximately 92 n. From the 
limited data the ABC mice appear to be 
more resistant. 

Ninety-two n as the lethal dose for 59 
per cent (LD50) for fast neutrons is con- 
siderably less than is required to kill 50 
per cent of the animals if the radiation is 
applied in small daily doses. If it js 
assumed that a _ three-week period js 
required for the lethal effects of radiation 
to become manifest, then that dose ac- 
cumulated three weeks prior to the date 
when 50 per cent of the periodically ex- 
posed animals succumbed is the effective 


i 





i 
8 10 12 /4 


Dose-'n per day 


Fig. 3. Curve showing percentage shortening of life in CF, mice as a function 
of daily exposure to fast neutrons. 


n and 8.6 r treatments. The incidence of 
ovarian growths was increased somewhat 
by these exposures, but it is plain that 
lung tumor incidence is reduced in animals 
that have a significantly high spontaneous 
incidence. Similarly, the incidence of 
leukemia is not enhanced by the treat- 
ments in animals with a high spontaneous 
incidence (C58). 

Single Treatments (Fast Neutrons and 
Gamma Rays): Figure 4A presents a 
graphic summary of results obtained with 
single doses of fast neutrons. The results 
depicted show that 50 n is near the thres- 
hold for the acute lethal effects of fast 
neutrons, and that the 50 per cent killing 


LpD50. In this manner, the Lp50 for 
mice exposed to between 1 and 5 n per day 
was determined to be between 150 and 
175n. Thus, the relationships between the 
single dose Lp50 and the periodic dose 
LD50 shows that an extension of a dose in 
time decreases its effectiveness. 

The family of curves in Figure 4B shows 
the effects of graded doses of fast neutrons 
on the ability of mice to survive over a long 
period. The abrupt fall at the beginning 
of curves for 78 and 90 n are the result of 
some acute killing (death in three weeks) 
in the groups. Although the data are 
not too stable, there is nevertheless 4 
definite tendency for ‘the length of life 
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to vary inversely with the size of dose 
administered, and the 26 n dose appears to 
be near the threshold range for shortening 
life. 

Figure 5 depicts the results obtained 
with single doses of gamma rays. The 
survival values in 5A are the result of one 
of the side issues so often encountered in 
pursuit of the main line of an investigation. 
An experiment was started to determine 
the effect of age on radiosensitivity. The 
best source of gamma rays then available 
had an intensity of about 30 r per minute. 
The results obtained with this source 
(triangular symbols) showed the Lp50 
dose to be about 840 r. Later the tan- 
talum source was developed; with this, 
as used, the intensity was approximately 
3 r per minute (‘“‘v’’ symbols). In this 
case the LD50 was found to be in the range 
of 1,100 te 1,200 r, in marked contrast 
with the earlier figure. The distance was 
then shortened for the studies with tan- 
talum sources so that the intensity was 
very nearly 30 r per minute. With this 
arrangement, a third set of values was 
obtained (circular symbols). Since the 
values obtained with the two higher 
intensities are consistent with each other, 
it is apparent that the duration of exposure 
has significant effects. Analysis of the 
findings, in fact, showed that increasing 
the period of exposure ten times reduces 
the effectiveness for a given dose to ap- 
proximately 70 per cent. 

Figure 5B shows the results obtained 
with 500 and 700 r of gamma rays. The 
length of life was again found to vary with 
length of exposure and by comparison it 
was noted that the survival curve for the 
700 r group reached the 50 per cent sur- 
vival level at about 40 weeks, which cor- 
responds closely to the late effects observed 
after a single dose of 78 n (Fig. 1). From 
this comparison, 1 n and 9 r may be con- 
sidered equally effective for producing 
injury roughly one year after treatment. 

The ratio of biological effectiveness 
derived above was determined by com- 
paring late effects of a single dose of fast 
neutrons with the same effects produced 
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by a single dose of gamma rays adminis. 
tered at 3 r per minute. When other 
criteria of effect are used or when the 
method of exposure is varied, different 
ratios of effectiveness are observed. These 
ratios may be summarized as in Table I. 


TABLE I: BIOLOGICAL EFFECTIVENESS Ratios 
OBTAINED WITH Fast NEUTRONS AND Gamma Rays 








===> 


Dose Biologi- 
Criterion Type Rate, ¢ Source of cal 
of of Fast xamma Rays Effec- 
Effect Dose Neu- and Dose tiveness 
trons Rate Ratio 
(£/n) 





Acute 

lethal Single 3n/min. B-Cd 30r/min. 
Acute 

lethal Single 3n/min. Ta  30r/min. 
Acute 

lethal Single 3n/min. Ta 3r/min. 
Delayed 

lethal Single 3n/min. Ta 3r/min. 
Delayed __ Peri- 

lethal odic 3n/min. Ta 3r/min. 1:35 





With the exception of the last ratio 
listed in Table I, all the ratios seem to be 
of the same general order of magnitude, 
as had been found with single doses of 
x-rays and cyclotron neutrons, that is, 
Into 7.5r. Only the last ratio noted in 
the table would appear to be of a different 
order of magnitude. This last figure may 
be changed when final and more accurate 
results can be determined, but it is felt 
that it will continue to be significantly 
different from the rest. 

Terminal autopsies were performed on 
all single dose animals as for those re- 
ceiving periodic doses, and essentially the 
same kind of changes were seen—general- 
ized atrophy and mediastinal lymphoma- 
tosis. In the case of the animals treated 
with 500 and 700 r of gamma rays, the 
lymphoma incidence reached levels above 
60 per cent, appreciably higher than ob- 
tained with any other type of treatment 
(cf. Tables II and IIT). 

Hematological changes in animals 
treated with single doses were negative 
except for the acute reaction—a leukocyte 
decline during the first four to seven days 
and a recovery during the second and 
third weeks. Only slight, if any, evidence 
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Fig. 5. A. Curves showing per cent of survival as a function of dose for various conditions of treatment B 
Per cent of survival as a function of time after single treatments with 500 to 700 r of gamma rays 
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TABLE II: Tumor INCIDENCE FOLLOWING A SINGLE 
Dose oF Fast NEUTRONS 


Eligi- Lym- Ovarian Luag 
Dose bles phoma Tumors Tumors 


13 (27%) 16 (36%) 16 (36%) 
78 n 63 19(30%) 23(37%) 24(38%) 
50 n 75 24 (32%) 30(40%) 27 (36%) 
26 n 76 17 (22%) 27(36%) 37 (49%) 

On 108 15 (14%) 18 (17%) 57 (58%) 


90 n 45 


of injury to the peripheral blood picture 
could be seen at three weeks. 

Slow Neutron Effects: The terminal 
effects and early death obtained with 
slow neutrons resembled in every respect 
those obtained with fast neutrons and 
gamma rays. This was also true so far 
as the effects on the peripheral blood pic- 
ture was concerned. The studies have 


TABLE III: Tumor INCIDENCE FOLLOWING A SINGLE 
Dose oF GAMMA Rays 


re  Eligi- Ovarian Lung 
Dose bles Leukemia Tumors Tumors 
42 (64%) 16 (24%) 
30 (67%) 12 (27%) 


15 (14%) 18 (17%) 


700 r 66 
500 r 45 
Or 108 


not yet advanced far enough, however, 
to permit a satisfactory quantitative 
comparison of the slow neutron doses with 
those of fast neutrons and gamma rays 
required to produce a given effect. 

Beta Ray Effects: Rather extensive 
studies with beta rays have been carried 
out by Raper, and his results are available 
in various project reports. Reference will 
be made here only to the late effects. 
When beta rays from P** are used, the 
energy absorption is limited almost com- 
pletely to the skin, in contrast to the 
generally uniform distribution obtained 
with the other radiations. The lethal 
dose in case of beta rays varies with the 
size of the animal, being in the range of 
4,500 rep for CF, mice and 7,000 for 
Sprague-Dawley rats. Animals which sur- 
vive sublethal doses show an acute reaction 
consisting of some epilation, suppuration 
of the skin with some open lesions, a 
sloughing of the main distal portions of 
the ears, and irritation of the eyes with 
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consequent blindness. Recovery takes 
place over a period of weeks, and a fairly 
stable state is eventually reached. ; 

In animals of the type just deser‘bed. 
and more particularly those showing a 
less severe reaction, malignant skin lesions 
and other abnormalities begin to appear 
at six to ten months after the single 
treatment. The tumor forms vary from 
small papillomas to the most malignant 
carcinomas and include practically every 
type of skin reaction known in tumor 
pathology. 

Developmental abnormalities in the 
form of changes in color, texture, and type 
of hair, duplication of claws, horn-like 
extensions from the nose or eye, and de- 
formed appendages were frequent in 
Sprague-Dawley rats receiving single doses 
of 4,000-5,000 rep. The incidence of 
skin tumors in such animals is 100 per cent 
and the number of loci of tumors arising 
may reach 50 to 100. The reactions in 
CF, mice are of the same type, but occur 
less frequently. Small daily treatments 
have not as yet given significant skin 
responses, but a sufficient range of doses 
has not been tried. 

It is significant that the malignant 
response elicited by penetrating radiations, 
irrespective of type, consisted of hemo- 
poietic tissue tumors, whereas that elicited 
by non-penetrating radiations was limited 
to the skin. 


GENERAL SUMMARY 


1. Experiments have been carried out 
with CF,, ABC, A, and C58 mice to deter- 
mine the late effects of periodic and 
single exposures of fast neutrons, slow 
neutrons, and gamma rays (penetrating 
radiations). Similar experiments were 
carried out with beta rays, the absorption 
of which was limited almost exclusively to 
the skin. 

2. In general the late effects resulting 
from exposure to penetrating radiations, 
irrespective of the method of exposure, 
consisted of generalized atrophy and neo- 
plasia of hemopoietic organs. Both effects 
were attended by shortened life span, loss 
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of weight, some increase of tumor inci- 
dence in organs other then hemopoietic, a 
modified blood picture, and a changed 
pathology and histology, all of which 
served as criteria of irradiation effects. 
It was plain that the chain of events 
between treatment and death did not 
always follow the same pathway even with 
identical treatments and animals of uni- 
form type. 

3. Generalized atrophy, in the case 
of small daily treatments, appeared to 
result from the inroads of subliminal 
damage which in time added up to the 
exhaustion of vital reserves. Neoplasia 
may or may not result directly from the 
atrophic condition. 

4. By utilizing the various criteria of 
effect, different thresholds of damage were 
found. Survival time, which was one of 
the most sensitive responses, showed effects 
following daily exposures in the range of 
0.1 n of fast neutrons and 1 r of gamma 
rays. In the case of single exposures, 
threshold levels were not determined. 

5. Threshold responses of the periphe- 
ral blood were at least a factor often 
less sensitive than threshold survival re- 
sponses in CF, mice. 

6. Some differences were noted in the 
responses of different strains of animals, 
but these were more a matter of degree 
than of type, and in some instances could 
be associated with species characteristics. 

7. No fundamental differences were 
observed in the responses of the different 
sexes, although the effects being studied 
were sometimes obscured by sex features, 
such as pugnaciousness in CF, males. 

8. The r/n ratio of gamma rays to 
fast neutrons for the different effects varied 
roughly from 8 to 1 to 35 to 1 for the con- 
ditions and methods used. 

¥. The degree of acute damage (as 
measured by survival after single massive 
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dose exposures) varies not only with dose 
but also with the intensity of irradiation; 
a ten-fold increase in exposure time for 
gamma ray treatments reduced the effects 
observed for a given dose to about 70 per 
cent. 

10. The accumulative evidence in- 
dicates that the degree of biologic effect 
varies not only with dose but also with 
density of ionization produced. 

11. The incidence of lymphoma fol- 
lowing exposure to penetrating radiations 
was raised from 15 per cent in the controls 
to well over 60 per cent in groups receiving 
single doses of 500 and 700 r of gamma 
rays. 

12. Lung tumor incidence was in- 
creased little, if any, by the treatments 
given. This was true of CF, and A mice, 
both of which have a high spontaneous 
lung tumor incidence and a demonstrated 
ability to respond to other carcinogenic 
agents. Because of the trace of positive 
evidence, because of the external sources 
of radiation used, and because the animals 
used were short-lived compared with 
human beings, the question of radiation 
carcinogenesis in the lungs cannot be fully 
dismissed. 

13. When sublethal doses of beta rays 
are applied to rats and mice (particularly 
Sprague-Dawley rats) abnormalities are 
produced in the skin, especially of the 
malignant types. Following doses of 
4,000 to 5,000 rep, animals that ordinarily 
have no skin lesions all showed skin car- 
cinomas , including nearly every type, some 
animals having 50) to 10Q loci. 

14. It is significant that hemopoietic- 
tissue tumors were obtained with pene- 
trating radiation and skin tumors with 
surface-absorbed radiations. 

Monsanto Chemical Co. 


Clinton Laboratories 
Knoxville 11, Tenn. 


(See page 360 for Spanish Summary) 
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SUMARIO 


Efectos Bioldgicos de la Irradiacidén con Pilas 


En un reactor de pilas varias radiaciones 
de alta energia (neutrones veloces y len- 
tos, rayos gamma, rayos beta, etc.) se 
asocian a la reaccién vinculada con la 
cadena del uranio. Es sabido que todas 
esas radiaciones ocasionan efectos bio- 
légicos nocivos, por lo cual constituyen 
riesgos para la salud. 

Tratando de comprender mejor la na- 
turaleza de las lesiones evocadas y de 
obtener al mismo tiempo datos relativos a 
las dosis limites y de tolerancia, se llevaron 
a cabo numerosos experimentos en ani- 
males, usando principalmente para las 
pruebas cuatro razas de ratones (CF, 
ABC, A, C58) y una raza de ratas (Sprague- 
Dawley). Las diversas radiaciones fueron 
obtenidas por medio de filtracién selectiva, 
emisores secundarios e isotopos radioac- 
tivos. Los tratamientos fueron adminis- 
trados en forma de dosis masivas finicas y 
de dosis pequefias diarias. Los rayos usa- 
dos, con excepcién de los beta, fueron 
penetrantes, y en su mayor parte se dis- 
tribuyeron por todo el cuerpo de los ani- 
males. 

El resultado revelé que la duracién de la 
vida variaba en raz6n inversa a la cantidad 
de exposicién, y ademas que el efecto 
variaba en raz6n directa a la concentraci6n 
de yones en espacio y tiempo. 


El efecto terminal producido al usar 
rayos penetrantes tom6 principalmente dos 
formas: atrofia generalizada y neoplasia 
de los 6rganos hematopoyéticos. La atrofia 
se acompafiéd de leucopenia, emaciacién, 
pérdida de peso y muerte prematura. Las 
neoplasias observadas consistieron princi- 
palmente en linfomatosis mediastinicas, 
elevandose la frecuencia de éstas, de menos 
de 15 por ciento en los testigos a mas de 60 
por ciento en algunos de los grupos de ex- 
perimentaci6n. 


Cuando se usaron rayos no penetrantes 
las alteraciones se limitaron principalmente 
a la piel. Varios meses después de admi- 
nistrar dosis masivas tinicas habia presen- 
tes anomalias cutaneas de todo género, y en 
animales que rara vez muestran patologia 
cutanea, la incidencia del carcinoma se 
habia elevado a 100 por ciento y las 
localizaciones por animal subian hasta 50 
a 100. 


La relativa efectividad de los neutrones 
veloces, comparados con los rayos gamma, 
parecié ser netamente mayor al tomar en 
cuenta las modificaciones tardias mas bien 
que las agudas. En lo tocante a acorta- 
miento de la vida, el nivel limite de ex- 
posicién diaria quedé en la escala de Ilr 
de rayos gamma y algo por debajo de 0.1 n. 
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Carcinogenic Properties of Radioactive 
Fission Products and of Plutonium’ 


HERMANN LISCO, M.D., MIRIAM P. FINKEL, Ph.D., and AUSTIN M. BRUES, M.D. 
Chicago, Ill. 


SERIES OF STUDIES dealing with the 

late effects of internal and external 
irradiation upon experimental animals were 
undertaken by the Biology Division of the 
Clinton Laboratories at Oak Ridge and by 
the Biology Division of the Metallurgical 
Laboratory, University of Chicago. The 
results of the studies concerned with ex- 
ternal gamma and beta rays and neutrons 
have been discussed by Dr. P. S. Henshaw 
and Dr. J. R. Raper. In the experiments 
at Chicago a number of representative 
radioactive isotopes were chosen for study, 
isotopes which are released in the fission of 
uranium. One of the end products of the 
fission process is plutonium (Pu®®*), and 
particular attention was paid to this sub- 
stance. At the time these chronic experi- 
ments were undertaken, a limited amount 
of information was available concerning 
acutely toxic levels and distribution of 
plutonium. 

An intelligent appreciation and evalua- 
tion of health hazards, whether by inges- 
tion or inhalation or by way of wound 
contamination with minimal amounts of 
radioactive substances while working in 
potentially contaminated laboratories, is, 
of course, difficult without experimenta- 
tion. It was with this in mind that the 
following experiments were undertaken, 
even though it was realized that it is no- 
toriously difficult to design animal experi- 
ments which precisely duplicate the human 
hazards. 

The late effects of various modes of 
treatment with Sr, ®, Y%!, Cel#4, Ra, 
and Pu?® were studied in mice, rats, and 
rabbits. Sr, Y°!, and Ce!‘ are pure beta 
emitters with energies of 1.5, 1.5, and 0.35 


— 


Mev., respectively, and half lives of 55, 57, 
and 275 days, respectively. Plutonium is 
an alpha emitter with a half life of about 
25,000 years. 

Radiostrontium, like radium, was largely 
concentrated in bone, and the average 
total retention at fourteen days was 45 per 
cent for the mouse, 59 per cent for the rat, 
and 21 per cent for the rabbit; these figures 
are corrected for decay. Almost all of the 
retained Sr® was found in the skeleton, and 
consequently bone tumors were readily 
produced. The incidence of bone tumors 
was approximately proportional to the 
dose administered, and the latent period— 
in no case less than about 200 days—in- 
creased gradually with decreasing dose. 
In the animal species studied, single and 
multiple bone tumors were observed, and in 
many individuals widespread metastases 
occurred, especially in rats and rabbits. 
Bone tumors were produced in considerable 
numbers by doses ranging from 5.0 to 0.05 
microcuries per gram, both with single and 
with monthly repeated injections. Osteo- 
genic sarcoma induced by Sr* involved the 
long bones in preference to the spine, a fact 
which will be discussed briefly later. 

It is not clear as yet whether Sr® had 
any effect on the incidence of spontaneous 
lymphoma in mice. 

Radio-yttrium and cerium, after either 
intravenous or subcutaneous administra- 
tion, also produced sarcomas in the skeletal 
system. These tumors localized primarily 
in the long bones. 

When plutonium and yttrium (YPO,) 
were given subcutaneously or intramuscu- 
larly to mice, various manifestations of 
radiation damage were observed locally. 


* The work reported herein was done in the Metallurgical Laboratory of the University,of Chicago and the 
‘ Division of the Argonne National Laboratory, Chicago, under the Manhattan Project. This paper is a 
brief version of material to be published in the Plutonium Project Record of the Manhattan Project Technical 
. Presented at the Thirty-Second Annual Meeting of the Radiological Society of North America, Chicago, 


Il., Dec. 1-6, 1946. 
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These included graying of hair, epilation, 
ulceration of the skin, and destruction and 
atrophy of muscles, often followed by spon- 
taneous amputation of the injected leg. 
Of particular interest has been the occur- 
rence locally of malignant fibrosarcomas in 
a very high percentage of animals at doses 
ranging from 0.5 to 0.05 wgm per gram of 
Pu*®® and at doses of 1.5 to 0.05 we per gm 
of YPO;. In other words, a total of 
1 ugm of plutonium or luc of YPO, injected 
locally under the skin induced fibro- 
sarcomas even though a certain portion of 
the injected dose was removed from the 
site of injection and was distributed 
throughout the body and partially ex- 
creted. 

Bone tumors were seen frequently in 
mice, rats, and rabbits injected with plu- 
tonium at levels ranging from 4.5 to 0.05 
vgm per gram. The minimal latent period 
again was about 200 days. The majority 
of the plutonium-induced tumors occurred 
in the spine, often producing hind leg 
paralysis and urinary retention as the first 
clinical symptoms. An explanation for 
this difference in localization probably lies 
in the fact that plutonium has a greater 
affinity for collagenous tissue than for bone 
proper. This fact has been clearly demon- 
strated by radioautographs. 

The distribution of bone tumors in the 
skeleton of rats and mice with various 
radioactive isotopes is summarized in 
Table I. 


TABLEI: DISTRIBUTION OF BONE TumorS (PER CENT) 


Ribs 


Agent Spine Long Bones Pelvic Bone Jaw 


0 


Pu 62 8 7.86 7 
Sr 22 61 j 10 l 
Y 14 86 0 0 


Ce 16 74 f 0 5 


o 


Both plutonium and cerium showed a 
consistently high concentration in the liver. 
Hence, liver damage was frequently noted 
in animals at the higher dose levels, but no 
true liver tumors have been seen to date. 
Small adenomata have, however, occurred 
in the liver in the process of regeneration 
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and repair. The liver damage produced 
was unique, as it probably represented 
direct radiation damage of this organ, 
which is not very vulnerable to high doses 
of external irradiation. A third compound 
which also produced liver damage upon 
intravenous injection was the insoluble 
salt, yttrium phosphate. An interesting 
corollary to these experimental studies js 
the fact that “‘thorotrast”’ (a colloidal sus- 
pension of thorium dioxide) is frequently 
used in human diagnostic work. It be- 
haves not unlike the aforementioned sub- 
stances in its distribution in the human and 
animal body. Therefore, it may be well 
to keep this in mind, particularly in diag- 
nosis of those patients who do not suffer 
from an incurable disease. 

Another example of the carcinogenic 
properties of internal irradiation was the 
occurrence of carcinoma of the colon in rats 
which had been fed Y*'. This substance 
was practically not absorbed from the in- 
testine and, when fed by stomach tube, re- 
mained longest in the colon. One group of 
rats received a single feeding of from 1.0 to 
6.0 millicuries. Of a total of 33 animals, 
4 died with adenocarcinoma of the colon. 
The earliest tumor was seen 135 and the 
last 506 days after feeding. A second 
group of animals was given repeated feed- 
ings of 0.46, 0.20, or 0.06 millicuries of Y" 
per feeding over a period of three months, 
so that the total accumulated doses were 
31.20, 15.60, and 4.68 millicuries, respec- 
tively. Clinically all animals appeared 
well during the feeding period and growth 
was not impaired. Six of the 8 animals at 
the two higher dose levels died with carci- 
noma of the colon between 304 and 548 
days after the first feeding. No malignant 
lesions were observed at the lowest level. 


It would not have been possible to carry out these 
experiments without the help of many people, too 
numerous to mention here. Their enthusiastic co- 
operation in these studies is gratefully acknowledged. 


Argonne National Laboratory 
Chicago, Ill. 





CARCINOGENIC PROPERTIES OF FISSION PRopUCTS 


SUMARIO 


Propiedades Carcinogenas de los Productos Radioactivos de Fision y del Plutonio 


Los efectos tardios de ciertos is6étopos 
radioactivos liberados en la fisi6n del uranio 
fueron estudiados en animales de experi- 
mentacion. Al cabo de un periodo minimo 
de 200 dias de latencia después de la 
invecci6n de radioestroncio (Sr**) a dosis 
de 5.0 a 0.05 microcuries por gramo, se 
presentaron osteomas, principalmente en 
los huesos largos. Produjéronse tumores 
semejantes con radio-itrio (Y*') y cerio 
(Ce). La administracién subcutanea e 
intramuscular de plutonio (Pu*”’) y de 
itrio (YPO,) fué seguida de alteraciones 


locales, incluso formacién de fibrosarcomas 
malignos. Las inyecciones de plutonio a 
dosis de 4.5 a 0.05 microgramos por gramo 
produjeron osteomas, pero en _ contra- 
posicién a los debidos a los otros isé6topos, 
donde predominaron fué en el raquis. 
Observaronse lesiones hepaticas en los 
animales que recibieron plutonio, cerio y 
fosfato de itrio, pero no se descubrieron 
En las ratas alimentadas con 


hepatomas. 
aparecieron carcinomas del 


itrio (Y°') 
colon. 
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The Plutonium Project 


The Plutonium Project was that part of 
the organization for the production of 
atomic bombs charged with the scientific 
task of finding out how to make and isolate 
plutonium and with the industrial task of 
producing purified plutonium in sufficient 
quantities to be useful. It was organized 
and operated in the beginning under the 
Office of Scientific Research and Develop- 
ment. It went forward to a successful 
conclusion with the Manhattan District 
of the U. S. Engineers acting as the co-or- 
dinating, expediting, and financing agency. 
The scientific work was performed under a 
contract with the University of Chicago 
and the industrial development with the 
E. I. du Pont de Nemours Company. 
Scientists, industrial engineers, and others 
of many skills were brought to Chicago to 
work in the Metallurgical Laboratory of 
the University of Chicago, as it was called 
during the war. 

One might well ask why the biological 
work on which a symposium presented at 
the meeting of the Radiological Society of 
North America and the papers in this issue 
of RADIOLOGY are based was done in con- 
nection with such a project. The answer is 
obvious to all who know even superficially 
how plutonium was produced. Uranium 
fission, chain-reacting piles, fission prod- 
ucts, and artificial radioactive materials 
are now household words. They were all a 
part of the ‘Plutonium Project.” 

To make plutonium, it was necessary to 
utilize the great numbers of neutrons pro- 
duced during the fission of U*® to trans- 
mute U?* into neptunium. This element 
then changed to plutonium by radioactive 
decay. The process produced recoil nu- 
clei, alpha rays, beta rays, fast neutrons, 
slow neutrons, and gamma rays in intensi- 


ties never before dreamed probable or pos- 
sible. Moreover, the plutonium when 
formed was embedded in uranium along 
with fission products whose radioactivity 
was equivalent to thousands of grams of 
radium. The workers in the laboratories 
and plants had to be protected and the 
health of the public in surrounding terri- 
tories had to be safeguarded. 

The problem of the maximum permis- 
sible exposure (tolerance dose) that would 
produce no immediate or late changes was 
no longer of interest only to a limited group 
of radiologists and radium workers, but 
became one of significance to thousands of 
people. The scientific data on which it was 
based were found to be very sketchy. What 
are the first changes produced by exposures 
just above the tolerance level? Is the pe- 
ripheral blood picture as reliable an indica- 
tor of over-exposure as radiologists have 
considered it to be? Are there any other 
changes produced that can be detected by 
known or newly developed clinical tests? 
Can a person ever recover completely and 
entirely from any dose of radiation big 
enough to produce detectable effects? Are 
there any methods of treatment that will 
aid in recovery? How much radiation is 
necessary to killa man? These and many 
other problems became real and acute when 
feet of concrete instead of millimeters of 
lead must be used to protect and when acci- 
dental or intentional exposure of the whole 
body became a real possibility. 

A considerable literature existed on the 
physiological and histological changes that 
occur following exposure to ionizing radia- 
tions, but the experimental material was 
usually too limited, the data given by one 
worker were not comparable with those of 
others, the doses were often unsatisfactor- 
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ily stated, and few, if any, fundamental 
facts had emerged. When large numbers of 
the leading scientific and industrial work- 
ers of the country were subjected to the 
risks of exposure and the probability of 
mass exposure of the Armed Forces and 
civilians became great, the need for such 
fundamental knowledge became very acute. 
While it was recognized that the real solu- 
tion to the problems of prevention, detec- 
tion, and treatment would come from an 
understanding of the basic mechanism or 
mechanisms by which radiations affect bio- 
logical systems, a more direct approach was 
needed and taken. 

While the effects on man of, and the tol- 
erance to, x- and gamma-radiations were 
known to some extent, such knowledge was 
almost completely lacking regarding neu- 
trons and beta®rays, especially when the to- 
tal body exposure had to be considered. 
No maximum permissible exposure (tol- 
erance dose) had ever been established for 
such rays. 

A comparatively new hazard was cre- 
ated by the process of making plutonium. 
Many new radioactive elements were be- 
ing produced in very large quantities. The 
radium industry, and in particular the 
radium dial painting part of it, had demon- 
strated the hazard of radium and its decay 
products becoming deposited in the body. 
Where these new radioactive elements— 
some of which were gases, others volatile 
materials, and all others capable of being 
dust—would go in the body and what 
they would do there was unknown. 

In view of the above, there should no 
longer be any doubt as to why extensive 
medical and biological research was under- 
taken as a part of the Plutonium Project. 
The Metallurgical Laboratory in Chicago 
with its laboratory studies, the Clinton 
Laboratories in Oak Ridge with their pilot 
plant activities, and the Dupont Plant at 
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Richland with its production activities 
were-the main centers of the medical and 
biological research. The Radiation Labo- 
ratory at the University of California, hav- 
ing pioneered in the field of the biological 
study of radioactive elements, was obvi- 
ously the place where the metabolic study 
of such elements could proceed rapidly. 
The National Cancer Institute of the Pub- 
lic Health Service, having already initiated 
studies of the effects of small daily doses of 
x- and gamma-rays on laboratory animals, 
was the obvious place to investigate the 
probiem of tolerance to radiation. Memo- 
rial Hospital of New York with its Heub- 
lein Unit and the University of California 
Hospital with its million-volt unit were 
logical places to extend the studies rela- 
tive to the effects of total body irradiation 
on the blood. Other problems, such as the 
physical measurement of the radiations 
and the chemical toxicity of uranium and 
other elements, were also investigated, but 
do not form a part of this symposium. 

It must be mentioned here that under 
the Manhattan Project were many other 
units than the Plutonium Project. Some 
of these, such as the University of Roches- 
ter and Columbia University, were investi- 
gating similar and related medical and bio- 
logical problems. Their activities are not 
discussed here, since they were not part of 
the Plutonium Project. 

The medical, biological, and physical sec- 
tions had scientists from all parts of the 
country helping in the work. To name 
them would require almost as much space 
as this editorial. They have the satisfac- 
tion of knowing that they took part in a 
great enterprise. A few are getting some 
scientific recognition by the publications in 
this issue of RADIOLOGY. It is to be hoped 
that the work and names of all will soon be 
known through other such publications. 

ROBERT S. STONE, M.D. 





REFRESHER COURSES: POST-GRADUATE INSTRUCTION 





A series of Refresher Courses will be presented at 
the time of the Thirty-Third Annual Meeting of 
the Radiological Society of North America, at the 
Statler Hotel, Boston, Mass., Nov. 30 through 
Dec. 5, 1947. 

These courses of post-graduate instruction will be 
given from 2 to 5 p.m. and 7 to 9 p.m. on Sunday, 
Nov. 30, and from 8:30 to 10 a.m. daily thereafter 
during the meeting. No other meetings will be 
scheduled for these hours, and the courses have 
been so arranged that those interested in a par- 
ticular subject may enroll in a related series as far 
as possible. 

Admission will be by ticket only, and reservations 
will be made in the order in which applications are 
received. Non-members will be charged $2.00 for 
each course, up to a maximum of $5.00 for the entire 


Course No. 1: Sunday, 2-5 P.M. 


Roentgenologic Manifestations of Acute 
ominal Diseases 


LEO G. RIGLER, M.D. 


University of Minnesota 
Minneapolis, Minn. 


1. Roentgen technic in acute abdominal dis- 
orders: Special technical procedures are necessary 
in the handling of patients. Variations from the 
usual technic in the examination of the abdomen, 
the difficulties, and special procedures necessary will 
be detailed. 

2. Indications for roentgen examination in the 
acute abdominal disorders: The various acute 
processes in the abdomen in which roentgen exami- 
nation is of great assistance in establishing either 
the diagnosis or aiding in determining the extent 
and nature of the process will be presented. 

3. Analysis of the scout film of the abdomen: 
(a) The normal appearance of the roentgenogram of 
the abdomen without contrast medium. The soft 
tissue shadows, the appearance of the gastro-intes- 
tinal tract with and without preparation and under 
varying conditions will be demonstrated. 

(b) The abnormal roentgenogram without con- 
trast medium. A discussion of the physiologic and 
pathologic factors in the production of changes in 
the abdomen will be undertaken. An analysis of 
the various findings which may be obtained with 
different types of acute abdominal disorders and 
their differential diagnosis will be presented. 

Demonstrations will be given of the findings in: 

(1) Peritonitis. 

(2) Intra-abdominal abscess. 

(3) Small intestinal obstruction. 

(4) Large intestinal obstruction. 


— 


series. Reserve officers still on active duty, resj- 
dents and fellows in radiology will be exempt from 
these charges. 

Read the description of the courses, noting par- 
ticularly the days upon which they are offered: 
study the Plan of Presentation and select carefully 
your choice for each day, as the number attending 
each course will be limited. If the directions listed 
on the Plan of Presentation and Instructions for 
Enrollment are observed, errors will be avoided. 

if the Refresher Courses are not filled by the time 
of the meeting, tickets will be available at the Tegis- 
tration desk, Sunday, Nov. 30, and thereafter. 

It may be necessary to alter or revise some of the 
courses and to change some of the instructors. We 
shall, however, adhere as closely as possible to the 
choices made. 


4. Value of x-ray examination in the acute ab- 
dominal disorders: The reliabffity of the various 
x-ray signs and their contribution toward the prac- 
tical handling of the patient will be discussed. 


Course No. 2: Sunday, 2-5 P.M. 


Diagnosis, Treatment, and Prognosis of Car- 
cinoma of the Cervix and Endometrium 


J. A. DEL REGATO, M.D. 
Columbia, Mo. 


The course will review the important questions 
of diagnosis, including technic of examination and 
clinical staging, of carcinoma of the cervix. This 
will be followed by a discussion of external pelvic 
roentgen therapy and the different technics of in- 
tracavitary curie therapy, as well as transvaginal 
roentgen therapy. There will also be a discussion 
of the indications for surgery and radiotherapy and 
an analysis of the results of the different methods 
of treatment of carcinoma of the uterus. 


Course No. 3: Sunday, 7-9 P.M. 
Film Reading Session 


MERRILL C. SOSMAN, M.D. 
Peter Bent Brigham Hospital, Boston, Mass. 


Presiding 


JOHN D. CAMP, M.D., Mayo Clinic 

L. HENRY GARLAND, M.D., San Francisco, Calif. 
FRED J. HODGES, M.D., University of Michigan 
LEO G. RIGLER, M.D., University of Minnesota 


This is an opportunity for the members to present 
their interesting cases, but, in order to make this 
session of real teaching value, it has been decided 
that all cases must be approved by Dr. Sosman im 
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advance and must fulfill certain requirements; 


namely, 
(i) That they be proved beyond a reasonable 


doubt. 

That it be possible to make the correct diag- 
nosis either from the x-rays, history, physi- 
cal examination, laboratory findings, or any 
combination of these. 

That they be of interest and of teaching 
value. 

Anvone desiring to present cases should write di- 
rectly to Merrill C. Sosman, M.D., Peter Bent 
Brigham Hospital, Boston, Mass., outlining the 
case and the proof. If the case is accepted, the one 
presenting it will be asked to make lantern slides 
(standard, 3'/, X 4'/s inch size) and to bring the 
original x-rays for the “‘experts.”” No cases can be 
considered that are submitted later than Nov. 1. 


Course No. 4: Sunday, 7-9 P.M. 


Therapy Information 


R. R. NEWELL, M.D. 
Stanford University, San Francisco, Calif. 


Presiding 


MILTON FRIEDMAN, M.D., New York, N. Y. 

LOWELL S. GOIN, M.D., Los Angeles, Calif. 
B. V. A. LOW-BEER, M.D., Los Angeles, Calif. 
EDITH H. QUIMBY, Sc.D., New York, N. Y. 


You are invited to present cases of particular in- 
terest or problems in radiation therapy to the pro- 
fessors, and to stump them if you can. 

Dr. Newell invites all of those who are interested 
in radiation therapy to present their cases to him by 
mail at 50 Yerba Buena Ave., San Francisco 16, 
Calif., in advance of the session. 

In addition to the questions and answers from 
the members, the panel will present discussions of 
the various phases of radiation therapy, including 
contraindications to irradiation and choice of type 
of radiation therapy for various lesions. 


Course No. 5: Monday, 8:30—10 A.M. 


When, Why, and How Should Contact 
Therapy be Used? 
LOWELL S. GOIN, M.D. 
Los Angeles, Calif. 
Historical 
Apparatus employed (actual machine and 
tube in operation). 
Physics involved. 
Limitations of method. 
Fields of application. 
(2) External 
(6) Intracavitary 
(c) Surgical 


6. Technic and dosages employed. 
7. Results evaluated. 


Course No. 6: Monday, 8:30-10 A.M. 


(This course will be repeated on Tuesday, 
8:30-10 A.M.) 


The Radiologic Aspects of Urinary Tract 
Disease 


FRED J. HODGES, M.D. 
University Hospital 
Ann Arbor, Mich. 

X-ray methods employed in the field of urology 
will be reviewed. The pathological situations which 
can be detected by such procedures will be summar- 
ized and illustrated. Desirable relationships be- 
tween urologist and radiologist will be discussed. 


Course No. 7: Monday, 8:30—10 A.M. 


Roentgenological Classification of the 
Pneumonias with Special Reference 
to the Structures Involved 


L. R. SANTE, M.D. 
St. Louis, Mo. 


In recent years many causes have been found for 
pneumonia other than the pneumococcus. Many of 
these pneumonias have been described as atypical 
pneumonias of unknown etiology. The etiologic 
agents for these unusual forms are so multiple and 
varied that they may cause confusion to the radiol- 
ogist. To clarify the situation, a comparative 
study of the roentgen manifestations of the various 
types of pneumonia with the pathological pictures 
which they produce has been undertaken. 


Course No. 8: Monday, 8:30-10 A.M. 
Roentgenography of the Skull 


JOHN D. CAMP, M.D. 
Section on Roentgenology, Mayo Clinic 
Rochester, Minn. 

This is a discussion of the roentgenographic 
changes associated with lesions of the skull, of local 
and systemic origin. The changes associated with 
intracranial disease also will be considered. 


Course No. 9: Monday, 8:30-10 A.M. 


Classification, Diagnosis, and Treatment of 
Cancer of the Skin 
BERNARD P. WIDMANN, M.D. 
Philadelphia, Penna. 
Discussion of diagnosis, classification, how and 
why cancer of the skin should be treated, including 
treatment of hemangiomata. 





Plan of Presentation 








SUNDAY, Nov. 30 
2-5 P.M. 


MONDAY, Dec. 1 
8:30-10 A.M. 


—————S=_—_—_ 


TUESDAY, Dec. 2 
8:30-10 A.M. 








1. Roentgenologic Manifesta- 
tions of Acute Abdominal 


Diseases 
Leo G. Rigler, M.D. 





2. Diagnosis, Treatment, and 
Prognosis of Carcinoma of the 
Cervix and Endometrium 

Juan A. del Regato, M.D. 





7-9 P.M. 





3. Film Reading Session 
Merrill C. Sosman, M.D. 
L. Henry Garland, M.D. 
Leo G. Rigler, M.D. 
John D. Camp, M.D. 


| 


5. When, Where, and How 


Should Contact Therapy Be 
sed? 
Lowell S. Goin, M.D. 


10. Roentgenology of the Stom. 
ach and Duodenum _— 
Robert P. Ball, M.D. 








6. The Radiologic Aspects of 
Urinary Tract Disease (Re- 
peated Tuesday) 

Fred J. Hodges, M.D. 





ll. The Radiologic Aspects of 
Urinary Tract Disease (Repe- 
tition of course No. 6) 

Fred J. Hodges, M.D. 





7. Roentgenological Classifica- 
tion of the Pneumonias with 
Special Reference to the 
Structures Involved 

L. R. Sante, M.D. 


Roentgenological Findings 
and Differential Diagnosis of 
Skeletal Diseases (Continued 
Wednesday) 

Paul C. Hodges, M.D. 





Fred J. Hodges, M.D. 





4. Therapy Information 
R. R. Newell, M.D. 


8. Roentgenography of the Skull 
John D. Camp, M.D. 


Encephalography and Ven- 
triculography 
John D. Camp, M.D. 





Milton Friedman, M.D. 
Lowell S. Goin, M.D. 

B. V. A. Low-Beer, M.D. 
Edith H. Quimby, Sc.D. 





9. Classification, Diagnosis, and 
Treatment of Cancer of the 


Skin 
Bernard P. Widmann, M.D. 





14. Dosage Problems in the Use 
of Radioactive Isotopes 
G. Failla, Ph.D. 








Plan of Presentation 








———————— 
WEDNESDAY, Dec. 3 
8:30-10 A.M. 


THURSDAY, Dec. 4 
8:30-10 A.M. 


FRIDAY, Dec. 5 
8:30-10 A.M. 








15, Roentgenologic Findings in 
the Small Intestine 
Robert P. Ball, M.D. 


20. Roentgenologic Diagnosis of | 
Diseases of the Colon 
David G. Pugh, M.D. 


Diseases of the Gallbladder 
with Remarks on Cholangiog- 
raphy and Pertinent Pan- 
creatic Disorders 

Wendell G. Scott, M.D. 





16. Clinical Pathological Signif- 
icance and Differential Diag- 
nosis of Segmental Collapse 


M.D. | 


of the Lungs 
Laurence L. Robbins, 





21. (1) The Roentgen Changes | 


in Primary Tuberculosis 


(2) or, Examination of | 


the Thym 
John "Caffey, M.D. 


| 





| 


17. Roentgenological Findings 


and Differential Diagnosis of | 
Skeletal Diseases (Continued 


from Tuesday) 
Paul C. Hodges, M.D. 


22. The Treatment of Carcinoma | 


of the Breast by Radiation 
Theodore P. 
M.D. 





18, Practical Problems 
dium Dosage Measurements 
Edith H. Quimby, Sc.D. 


in Ra- | 


Dosage Measurements 
J. L. Weatherwax, M.S. 


Eberhard, 


23. Practical Problems in X-ray | 


26. Congenital Obstructive Le- 
sions of the Alimentary Tract 
John Caffey, M.D. 


27. Classification, Diagnosis, and 

Treatment of Benign Lesions 

of the Female Genital Tract 
James A. Corscaden, M.D. 


28. Diagnosis and Treatment of 
the Lymphoid Tumors 
Hugh F. Hare, M.D. 





19. When, Why, and How Should } 
Transvaginal Irradiation Be | 


Given? 
Arthur W. Erskine, M.D. 


(Continued Friday) 
Maurice Lenz, M.D. 


24. Radiotherapy of Cancer of 
the Pharynx and Larynx 


29. Radiotherapy of Cancer of 
the Pharynx and Larynx 
(Continued from Thursday) 
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Course No. 10: Tuesday, 8:30-10 A.M. 


Roentgenology of the Stomach and Duodenum 


ROBERT P. BALL, M.D. 
Presbyterian Hospital 
New York, N. Y. 

This will be a discussion of the manner of examin- 
ing the stomach and duodenum in routine gastro- 
intestinal series. Both the common and rare lesions 
encountered will be illustrated. Comments will 
be made on maneuvers during fluoroscopy and pro- 
jections for radiography which seem to best disclose 
the various lesions. 


Course No. 11: Tuesday, 8:30-10 A.M. 


The Radiologic Aspects of Urinary Tract 
Disease 
FRED J. HODGES, M.D. 
University Hospital 
Ann Arbor, Mich. 


Repetition of Course No. 6. 


Course No. 12: Tuesday, 8:30—-10 A.M. 


Roentgenological Findings and Differential 
Diagnosis of Skeletal Diseases 
PAUL C. HODGES, M.D. 
The University of Chicago 
Chicago, Ill. 

This is the first of two lectures to be given by Dr. 
Hodges on skeletal diseases. The second one, No. 
17, will be on Wednesday. 

At this first lecture, non-ossifying osteoma, osteoid 
osteoma, pulmonary osteoarthropathy, pyogenic 
osteomyelitis, and tuberculosis will be discussed and 
illustrated. 


Course No. 13: Tuesday, 8:30-10 A.M. 
Encephalography and Ventriculography 


JOHN D. CAMP, M.D. 


Section on Roentgenology, Mayo Clinic 
Rochester, Minn. 


This course will be a presentation of the funda- 
mentals of encephalography and ventriculography 
and a discussion of the characteristic changes asso- 
ciated with the usual intracranial lesions. 


Course No. 14: Tuesday, 8:30-10 A.M. 
Dosage Problems in the Use of Radioactive 
Isotopes 
G. FAILLA, Ph.D. 

New York, N. Y. 


Radioactive isotopes. Availability and possible 
uses as tracers and for therapy. 


REFRESHER COURSES 


September 1947 


Discussion of physical characteristics (activity 
half-life, type, and energy of radiation). 

Tissue dosage determinations: (1) when used in 
“applicators,” as in the case of radium or radon: 
(2) when introduced into the body as chemical com. 
pounds. 

Influence of rate of decay, elimination local con- 
centration. 

Dangers in the use of radioactive isotopes inter- 
nally administered. 

Protection of personnel. 

Dosage data and charts will be presented. 


Course No. 15: Wednesday, 8:30-10 A.M. 


Roentgenologic Findings in the Small 
Intestine 


ROBERT P. BALL, M.D. 


Presbyterian Hospital 
New York, N. Y. 


The roentgenographic findings in disturbances in 
mobility and mucosal pattern of the small intestine, 
associated with primary and secondary nutritional 
deficiency states, will be illustrated and discussed. 
Also, the findings in some cases of intestinal tumors 
will be shown and comments made. The session 
will include remarks upon the normal anatomy and 
the basic principles of intestinal movement. 


Course No. 16: Wednesday, 8:30-10 A.M. 


Clinical Pathological Significance and 
Differential Diagnosis of Segmental 
Collapse of the Lungs 


LAURENCE L. ROBBINS, M.D. 


Massachusetts General Hospital 
ton, Mass. 


The significant factors in the roentgen diagnosis of 
collapse of a lung, a lobe, and the various segments 
thereof will be presented. Certain structures seen 
in the normal chest as they pertain to collapse and 
the major technical requirements will be brought 
out. It is known that accurate roentgen diagnosis 
depends on recognition of the fundamental process 
as seen on the films in addition to certain clinical 
observations; the important points will be empha- 
sized. 


Course No. 17: Wednesday, 8:30-10 A.M. 
Roentgenological Findings and Differential 
Diagnosis of Skeletal Diseases 


PAUL C. HODGES, M.D. 


The University of Chicago 
Chicago, Ill. 


This is the second of two lectures, of which the 
first is scheduled for Tuesday. See Course No. 12. 
This second period will be devoted to arthritis, 
with particular reference to: (1) the specific 
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First Choice Second Choice Third Choice 


Course Course Course 
No. Instructor No. Instructor No. Instructor 








2-5 P.M. 
7-9 P.M. 





Sunday 





Monday 
Tuesday 
Wednesday 
Thursday 
Friday 



































Prior to Nov. 20, 1947, send this order sheet to: 
C. Edgar Virden, M.D., Chairman, Refresher Course Committee, 
320 West 47th St., Kansas City 2, Missouri 


After Nov. 20, 1947, mail to: 
Cc. Edgar Virden, M‘D.,'c/o' Radidlogieal Society’ of North America 
Hotel Statler, Boston, Mass. 
(Note: Your tickets will not be mailed to you but will be given to you when you register for the 


meeting.) 
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arthritides, (2) osteoarthritis, (3) rheumatoid ar- 
thritis. 


Course No. 18: Wednesday, 8:30-10 A.M. 


Practical Problems in Radium Dosage 
Measurements 


EDITH H. QUIMBY, Sc.D., Physicist 


Columbia University 
New York, N. Y. 


The development of dosage units for radium ther- 
apy will be traced briefly. Various charts and 
tables for determination of dosage in roentgens will 
be presented, and precautions regarding their use 
discussed. Most of the period will be devoted to 
working out practical problems. (An exhibit on 
dosage calculation will probably be presented.) 


Course No. 19: Wednesday, 8:30—-10 A.M. 


When, Why, and How Should Transvaginal 
Irradiation Be Given? 
ARTHUR W. ERSKINE, M.D. 
Cedar Rapids, Iowa 


A discussion of various methods used to destroy 
the primary lesion in cancer of the uterine cervix. 
The advantages of, and objections to, radium ther- 
apy, contact therapy, and each of the four major 
modifications of the transvaginal method will be 
set forth in some detail. Indications, contraindica- 
tions, distribution, dosage, and results will also be 
briefly considered. 


Course No. 20: Thursday, 8:30-10 A.M. 


Roentgenologic Diagnosis of Diseases of the 
Colon 
DAVID G. PUGH, M.D. 
: Mayo Clinic 
Rochester, Minn. 


The conduct of the examination of the large in- 
testine will be described, and the criteria for the 
diagnosis of the lesions more frequently encountered 
there will be discussed. 


Course No. 21: Thursday, 8:30-10 A.M. 


(1) Roentgen Changes in Primary Tubercu- 
losis 
(2) Roentgen Examination of the Thymus 


JOHN CAFFEY, M.D. 
The Presbyterian Hospital 
New York, N. Y. 
(1) Tuberculosis 
Historical review of the principal contributions, 


Morbid anatomy of primary tuberculous complex. 
Pulmonary focus 
Perifocal exudate 
Pulmonary atelectasis 
Regional lymph nodes 
Intrathoracic and extrathoracic 
Localized and diffuse pleurisy 
Obstructive atelectasis and emphysema 
Obstructive bronchiectasis 
Value of lateral and oblique projections. 
Differential diagnosis. 
Values and limitations of roentgen examinations in 
diagnosis and prognosis. 
Extrathoracic primary tuberculous complexes. 


(2) The Thymus 
Normal anatomy and physiology. 
Roentgen findings. 
The thymus and sudden death. 
The thymus and “thymic symptoms.”’ 
Therapy of the thymus. 


Comment: Dr. John Caffey is to give two sessions 
on Roentgenology in Children, covering certain 
phases of chest and gastro-intestinal examinations 
wherein the findings in children differ essentially 
from those in adults. He will conduct this session 
and course No. 26, as outlined. 


Course No. 22: Thursday, 8:30-10 A.M. 


The Treatment of Carcinoma of the Breast by 
Radiation 


THEODORE P. EBERHARD, M.D. 


Jefferson Medical College and Hospital 
Philadelphia, Penna. 


A brief discussion will be given of the various types 
of breast cancer, with the object of defining those 
types and stages of the disease considered suitable 
for radiation treatment, special emphasis being 
laid on the Haagensen-Stout criteria of operability. 
While it is agreed that “‘cure” of breast cancer by 
radiation is seldom, if ever, achieved, long-term ar- 
rests may be hoped for under certain circumstances 
and the technic followed in these cases will be de- 
scribed in detail. Finally, there will be time devoted 
to the various technics employed in the treatment 
of the largest group of cases coming to the radi- 
ologist, those in which palliation of pain and relief 
from ulceration are the only objectives. 


Course No. 23: Thursday, 8:30-10 A.M. 
Practical Problems in X-Ray Dosage 
Measurements 


J. L. WEATHERWAX, M.S., Physicist 


American Oncologic Hospital 
Philadelphia, Penna. 


Effect of kilovoltage, milliamperage, filtra- 
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tion, and focal-skin distance on the radiation roent- 
gen output of an x-ray machine as measured in air. 

2. Effect of quality of radiation, size of field, and 
depth of underlying tissue on back-scatter. 

3. Effect of quality of radiation, size of field, 
and focal-skin distance on penetration of the radia- 
tion into the tissue, or depth dose. 

4. Isodose charts. Determination of radiation 
intensity in roentgens, and quality in half-value 
layer and effective wave length. 

5. Scattering and total absorption of photons in 
the tissue. 

6. Discussion of the record sheet as recom- 
mended by Standardization Committee of the Radi- 
ological Society of North America. 


Courses No. 24 and 29: Thursday and Friday 
8:30-10 A.M. 


Radiotherapy of Cancer of the Pharynx and 
Larynx 
MAURICE LENZ, M.D. 
New York, N. Y. 


(This course requires two days.) 

The result of radiotherapy in cancer of the 
pharynx and larynx is influenced chiefly by the ex- 
tent, localization, and inherent radiosensitivity of 
tie cancer, by the radioresistance of the irradiated 
normal tissues, and by the adequacy of the tumor 
dosage. The administration of adequate tumor dos- 
age is facilitated by the infrequency of distant metas- 
tases of most of these cancers; it is rendered more 
difficult by the tendency of the cancers to silent 
regional lymph node involvement and extension to 
the laryngeal cartilages and base of the skull. This 
involvement of cartilage and bone, as well as their 
invasion by the ever-present pharyngeal infection, 
lowers the radiosensitivity of these irradiated normal 
structures and interferes with the administration of 
adequate tumor dosage. 

The various factors mentioned above, including 
technic of radiotherapy, will be discussed informally 
on the basis of reports in the literature and personal 
observations during the past twenty years at the 
Presbyterian, Manhattan Eye, Ear, Nose and 
Throat, and Montefiore Hospitals, New York. 


Course No. 25: Friday, 8:30-10 A.M. 


Diseases of the Gallbladder with Remarks on 
Cholangiography and Pertinent Pancreatic 
Disorders 


WENDELL G. SCOTT, M.D. 


Washington University School of Medicine 
St. Louis, Mo. 


This course includes a brief summary of the de- 
velopment and the technics of cholecystography 
with a present-day appraisal of the intravenous and 
oral methods, using compounds of tetraiodophenol- 
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phthalein and of the chemical, iodo-alphionic acid 
(Priodax). 

Included in this course is a discussion of the Uses 
of fatty meals and an evaluation of cases with de. 
layed emptying of the gallbladder. There will 
be a review of experience in evaluating the clini. 
cal significance of faint concentrations of the com. 
pound in the interpretation of cholecystograms, 

The indications for cholangiography and the 
technics as employed at the Washington Univer. 
sity School of Medicine will be presented for dis. 
cussion, along with those employed elsewhere. 

An accurate and objective method for the diag- 
nosis of pancreatic disease is still lacking and pre- 
sents a challenging problem for solution. A few of 
the radiographic procedures that are employed in 
the diagnosis of pancreatic diseases will be demon- 
strated in the discussion of this problem. 


Course No. 26: Friday, 8:30-10 A.M. 


Congenital Obstructive Lesions of the 
Alimentary Tract 


JOHN CAFFEY, M.D. 


The Presbyterian Hospital 
New York, N. Y. 


Morbid anatomy, roentgen findings and their 
evaluation in: 

Atresia of the esophagus. 

Hypertrophic pyloric stenosis. 

Obstructions of the small intestine due to: 

Congenital volvulus 
Failure of recanalization 
Peritoneal bands 
Duplications 

Meconium ileus 

Atresia of the colon and megacolon. 

Rectal atresia. 

Special emphasis will be placed on hazards of 
barium in some cases and the value of plain 3-posi- 
tion films of the abdomen. 

(See also Course No. 21) 


Course No. 27: Friday, 8:30-10 A.M. 


Classification, Diagnosis, and Treatment of 
Benign Lesions of the Female Genital Tract 


JAMES A. CORSCADEN, M.D. 
New York, N. Y. 


Myomata of the uterus are composed of tissue 


which requires no treatment. They become clini- 
cally significant because of size, symptoms, and 
changes in the tumor. Uterine bleeding is the prin- 
cipal symptom. Its nature should always be es- 
tablished by a diagnostic curettage, whatever treat- 
ment is carried out. Treatment of fibroids is either 
by observation, by operation, or by induction of the 
menopause by irradiation of the ovaries. The 
choice of treatment depends upon its effect on symp- 
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Course No. 28: Friday, 8:30-10 A.M. 


toms and on the local lesion, its efficacy as a pro- 


jactic measure, and upon the associated injury . ’ 
geal g Diagnosis and Treatment of the Lymphoid 


to the patient. 
Endometrial and cervical mucous polyps are Tumors 


treated by — te ane either (1) Gyufienctionst HUGH F. HARE, M.D. 
saat ‘ Ss are ei S Y 
Ovarian enlargemen y Lahey Clinic 


cysts, (2) endometriosis, or (3) neoplasms. Neo- Besten, Masa. 
plasms should always be removed. Endometriosis 
may be treated conservatively but is often operated 
upon. Dysfunctional cysts rarely require treatment. 


Their removal seldom affects symptoms. 


Course No. 29: Friday, 8:30-10 A.M. 


Radiotherapy of Cancer of the Pharynx and 
Larynx 
MAURICE LENZ, M.D. 
New York, N. Y. 


This is a discussion of diagnosis of the lymphoid 
tumors and of the indications and contraindications 
for treatment with the various types of therapy. 


(Continued from Thursday, See Course No. 24) 
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SECTION ON RADIOLOGY 
CALIFORNIA MEDICAL ASSOCIATION 


At the 76th Annual Meeting of the California 
Medical Association, recently held in Los Angeles, 
the following officers were elected by the Section on 
Radiology: Chairman, D. R. MacColl, M.D., Los 
Angeles; Secretary, Sydney F. Thomas, M.D., 
Palo Alto Clinic, Palo Alto. 


FLORIDA RADIOLOGICAL SOCIETY 


At the last meeting of the Florida Radiological 
Society, Dr. J. Maxey Dell, Jr. of Gainesville was 
elected President, Dr. James F. Pittman of Lake 
City, Vice-President, and Dr. J. A. Beals of Jack- 
sonville, Secretary-Treasurer. The Society will 
hold its next meeting in November. 


OHIO STATE RADIOLOGICAL SOCIETY 


The new officers of the Ohio State Radiological 
Society are: Dr. Ralph Holmes, Chillicothe, Presi- 
dent; Dr. Henry Snow, Dayton, Vice-President; 
Dr. Carroll Dundon, Cleveland, Secretary-Treasurer. 
Dr. H. F. Fulton, Columbus, and Dr. E. C. Elsey, 
Cincinnati, are the new members of the Executive 
Committee, and Dr. Clarence Hufford, Toledo, and 
Dr. Harold Reineke, Cincinnati, Councilors to the 
American College of Radiology, for the Northern 
and Southern Districts, respectively. 

The 1948 meeting of the Society will be held in 
conjunction with the meeting of the Ohio State Med- 
ical Association in Cincinnati in May 1948. 


TEXAS RADIOLOGICAL SOCIETY 


The next meeting of the Texas Radiological 
Society will be held Jan. 17, 1948, in Temple, Texas. 
Dr. C. A. Stevenson, of Temple, is President of the 
Society and Dr. R. P. O'Bannon, of Fort Worth, is 
Secretary. 


PROFESSOR ROBERT KIENBOCK 


On March 28, 1947, Prof. Robert Kienbéck, 
of Vienna, was made an honorary member of the 
Society of Physicians of that city, and in public ses- 
sion presented with a diploma attesting to this honor. 
Following this presentation, Professor Kienbéck 
spoke briefly, reviewing his life's work, paying tribute 
to his teachers in many scientific and medical centers 
of Western Europe and the friendship and inspira- 
tion received from many contemporaries in medicine, 
particularly in radiology. 

Professor Kienbéck undoubtedly is one of the 
pioneers of radiology who in close contact with others, 
particularly the late Professor Holzknecht, estab- 
lished roentgenology as a specialty in Vienna and 


o> 


of 


Austria. As a charter member of the Viennese and 
Austrian Roentgen Ray Societies, as a teacher at the 
University of Vienna, in numerous lectures and dem- 
onstrations at that University, and in many another 
European medical center, he presented over a period 
of many years the results of his extensive roentgen- 
ological and clinical studies which encompassed the 
entire field of radiology, as that specialty came to 
play an increasingly important part in modern medi- 
cine. 

Many of Professor Kienbéck's publications are 
classical contributions to radiology. Malacia of the 
lunate bone usually carries his name. His studies 
on the effect of radiation on skin, governing the treat- 
ment of skin diseases, his concepts of the treatment of 
neoplastic disease and the diagnosis of trophic os- 
seous degeneration on a nutritional basis, and ob- 
servations on echinococcus, multiple neuroma, in- 
flammatory pericardial diverticula, malignant meta- 
static disease involving the skeleton, all attest to 
his knowledge, judgment, and sagacity. 

After 1938 Professor Kienbock encountered in- 
creasing handicaps in his scientific work, which in 
1943 he had to relinquish entirely, though a number 
of important studies concerning, for instance, chon- 
dromatosis and sarcomatosis of skeletal structures 
bone tumors, xanthomatosis, scurvy, osteosclerosis, 
etc., were in preparation. 

The Radiological Society of North America, of 
which Professor Kienbéck is a Corresponding Mem- 
ber, congratulates him on the honors recently be- 
stowed upon him. It is hoped that with more set- 
tled conditions in Vienna, further scientific contri- 
butions from his pen may be forthcoming. 


Books Received 


OSTEOTOMY OF THE LONG Bones. By HENRY MILCH, 
M.D., Consulting Orthopedist, Maimonides Hos- 
pital: Attending Orthopedic Surgeon, Hospital for 
Joint Diseases and Riverside Hospital, New York; 
Fellow of the American Academy of Orthopedic 
Surgeons, the American College of Surgeons, and 
the New York Academy of Medicine. A volume 
of 294 pages, with 181 illustrations. Published 
by Charles C Thomas, Springfield, Ill., 1947. 
Price $6.75. 


CANCER: DIAGNOSIS, TREATMENT, PROGNOSIS. By 
LAUREN V. ACKERMAN, M.D., Pathologist to the 
Ellis Fischel State Cancer Hospital; Assistant 
Professor of Pathology, Washington University 
School of Medicine, St. Louis, Mo., and Juan A 
DEL REGATO, M.D., Radiotherapist to the Ellis 
Fischel State Cancer Hospital; former Assistant 
to the Radium Institute of the University of Paris 
A volume of 1,200 pages, with 749 illustrations, 
42 in color on nine plates. Price $20.00. 
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La TOMOGRAFIA, NELLE MALATTIE DEI SENI PARA- 
yasaLl. CONTRIBUTO CLINCO RapDIOLoGico. By 
Exrico Bozzi, Docente, Primario di Otorinolar- 
ingoiatria dell’'Ospedale Civile di Monza, and 
Lupovico Muccui, Docente, Dirigente la Sez. 
Radiol. della Clinca Chirurgica dell’ Universita di 


Milano. A volume of 152 pages with 140 illus- 
trations. Lincinio Cappelli, Bologna, 1947. 
Book Reviews 
ROENTGEN INTERPRETATION. By GEORGE W. 


Hotmes, M.D., Board of Consultation, Massa- 
chusetts General Hospital and Clinical Professor 
of Roentgenology, Emeritus, Harvard Medical 
School, and LAURENCE L. Rossins, M.D., Radi- 
ologist-in-Chief to the Massachusetts General 
Hospital and Associate in Radiology, Harvard 
Medical School. A volume of 398 pages, with 
266 illustrations. Published by Lea & Febiger, 
Philadelphia, 7th edition, 1947. Price $7.00. 


This new edition of Roentgen Interpretation is the 
seventh of a well seasoned and thoroughly reliable 
textbook which was first published in 1919 under the 
authorship of Dr. George W. Holmes and the late 
Dr. Howard E. Ruggles. It is pleasing to note that 
Dr. Robbins has become the new joint author, thus 
assuring continuance of this excellent work with the 
same high scholastic standards that have marked 
earlier editions. 

The text is concise but unusually comprehensive 
for a book of this size. All parts of the body are con- 
sidered but some pathologic conditions are omitted 
and some are dealt with rather briefly. The material 
has been revised and brought up to date in the light 
of newer roentgen findings which have proved their 
soundness. A beginning has been made, also, in 
changing the illustrations from the previous positive 
reproductions to the more desirable negative ones. 
It is regrettable that it was not possible to make this 
change-over complete but, as the authors explain in 
their preface, there were serious obstacles in the way. 
A comprehensive bibliography follows each chapter. 
There is no question that the text will continue to be 
invaluable as a ready reference volume to students 
who are interested in radiology. 


SURFACE AND RADIOLOGICAL ANATOMY FOR STU 
DENTS AND GENERAL PRACTITIONERS. By A. B. 
APPLETON, W. J. HAMILTON, AND Ivan C. C. 
TcHaPeRoFF. Second edition rewritten by A. B. 
APPLETON, M.A., M.D. (Cantab.), Professor of 
Anatomy in the University of London and Direc- 
tor of the Department of Anatomy in the Medical 
School of St. Thomas’s Hospital, London, former 
Fellow of Downing College, Cambridge; W. iF 
Hamitton, M.D., D.Sc., F.R.S.E., Regius Pro- 
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fessor of Anatomy in the University of Glasgow, 
formerly Professor of Anatomy in the University 
of London at the Medical College of St. Bartholo- 
mew’s Hospital; and G. Smon, M.D., B.Ch., 
D.M.R.E. (Cantab.), Demonstrator of Radiologi- 
cal Anatomy in the Medical College of St. Bar- 
tholomew’s Hospital, and Assistant Radiologist to 
the Diagnostic X-ray Department, St. Bartholo- 
mew’s Hospital, London. A volume of 332 
pages, with 390 illustrations. Published by The 
Williams & Wilkins Co., Baltimore, 1946. Price 
$7.00. 


Surface and Radiological Anatomy, by Appleton, 
Hamilton, and Tchaperoff, at the time of its original 
publication in 1938 was one of the first books dealing 
primarily with anatomy in which the radiological 
appearances of normal structures were given a sig- 
nificant place in the text. The work has now been 
rewritten and published in a second edition, with 
Dr. Simon replacing Dr. Tchaperoff in the group of 
authors. As its title implies, it is devoted to the 
study of surface anatomy and the role of radiology 
in such a study. 

The text is introduced by a chapter on General 
Anatomy and Methods, following which the parts of 
the body are taken up in order. An Appendix gives 
the approximate dates of the appearance of the vari- 
ous centers of ossification and union of the epiphy- 
ses, as well as tables showing the segmental innerva- 
tion of the muscles of the upper and lower limbs. 

The plan of treatment may be illustrated by the 
section on the shoulder, which embraces the follow- 
ing headings and subheadings: 


Surface Contours 
Landmarks on Thoracic Skeleton 
Skeleton of the Shoulder Region 
Superficial Muscles 
Movements 

Sternoclavicular Joint 

Scapula 

Shoulder Joint 
Radiology 

Clavicle 

Sternoclavicular Joint 

Shoulder Joint 

Development from Birth to Adolescence 


The relation of surface contours to the underlying 
structures is demonstrated by retouched photographs 
and sketches, along with roentgenograms of the cor 
responding areas. 

This volume should be of considerable aid in a 
rapid review of the surface and underlying gross 
anatomy of various areas which are being studied 
roentgenographically. It will find a welcome place 
in the library of radiologists and students of anatomy 
alike. 





RADIOLOGICAL SOCIETIES: SECRETARIES AND MEETING DATES 
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Editor's Note: Secretaries of state and local radiological societies are requested to cooperate in keeping this 


section up-to-date by notifying the editor promptly of changes in officers and meeting dates. 
2, Mich. 


P. Doub, M.D., The Henry Ford Hospital, Detroit 


UNITED STATES 


RADIOLOGICAL SOCIETY OF NORTH AMERICA. Secre 
tary-Treasurer, Donald §. Childs, M.D., 607 
Medical Arts Bldg., Syracuse 2, N. Y. 

AMERICAN RaptiuM Society. Secretary, Hugh F. Hare, 
M.D., 605 Commonwealth Ave., Boston 15, Mass 

AMERICAN ROENTGEN Ray Society. Secretary, Harold 
Dabney Kerr, M.D., Iowa City, Iowa 

AMERICAN COLLEGE OF RaproLoGy. Secretary, Mac F. 
Cahal, 20 N. Wacker Dr., Chicago 6, II 

SECTION ON RaproLocy, A. M. A. Secretary, U. V 
Portmann, M.D., Cleveland Clinic, Cleveland 6, 
Ohio. 


Alabama 


ALABAMA RADIOLOGICAL Society. Secretary-Treasurer, 
Courtney S. Stickley, M.D., Bell Bldg. Montgom 
ery. Next meeting at the time and place of the 
Alabama State Medical Association meeting 


Arkansas 


ARKANSAS RADIOLOGICAL SOCIETY 
Hames, M.D., Pine Bluff. 
months and annually at meeting of State Medical 
Society. 


Secretary, Fred 
Meets every three 


California 


CALIFORNIA MEDICAL ASSOCIATION, SECTION ON RapI- 
OLOGY Secretary, Sydney F. Thomas, M.D., 
Palo Alto Clinic, Palo Alto. 

Los ANGELES CouNTy MeEpIcAL ASSOCIATION, Ra- 
DIOLOGICAL SECTION. Secretary, Moris Horwitz, 
M.D., 2009 Wilshire Blvd., Los Angeles 5. Meets 
second Wednesday of each month at County 
Society Bldg. 

PaciFic ROENTGEN Society. Secretary, L. Henry 
Garland, M.D., 450 Sutter St., San Francisco 8 
Meets annually with State Medical Association 

SAN DreGO ROENTGEN Society. Secretary, R. F 
Niehaus, M.D., 1831 Fourth Ave., San Diego 
Meets first Wednesday of each month. 

X-Ray Stupy CLusB oF SAN Francisco. Secretary, 
Ivan J. Miller, M.D., 2000 Van Ness Ave. Meets 
monthly on the third Thursday at 7:45 P.m., 
January to June at Lane Hall, Stanford Univer- 
sity Hospital, and July to December at Toland 
Hall, University of California Hospital. 


Colorado 


DENVER RADIOLOGICAL CLUB. Secretary, Washington 
C. Huyler, M.D., Mercy Hospital, 1619 Milwau- 
kee, Denver 6. Meets third Friday of each month, 
at the Colorado School of Medicine and Hospitals 


Address: Howard 


Connecticut 

CONNECTICUT STATE MEpIcaL Society, Section ON 
RApIoLoGy. Secretary, Robert M. Lowman, M.D. 
Grace-New Haven Hospital, Grace Unit, New 
Haven 

Florida 

FLORIDA RADIOLOGICAL Society. Secretary Treasurer, 
J. A. Beals, M.D., St. Luke’s Hospital, Jackson- 
ville. Meets semiannually, in April, preceding the 
annual meeting of the Florida Medical Society, 
and in November. 


Meetings bimonthly, second Thursday, 


Georgia 

GEORGIA RADIOLOGICAL Society. Secretary-Treasurer, 
Robert Drane, M.D., De Renne Apartments, 
Savannah. Meets in November and at the annual 
meeting of State Medical Association 


Illinois 

CHICAGO ROENTGEN Society. Secretary, T. J. Wach- 
owski, M.D., 310 Ellis Ave., Wheaton. Meets 
at the Palmer House, second Thursday of October, 
November, January, February, March, and April, 
at 8:00 P.M 

ILLINOIS RADIOLOGICAL Socrety. Secretary- Treasurer, 
William DeHollander, M.D., St. Johns’ Hospital, 
Springfield. Meetings quarterly as announced. 

ILLINois STATE MepicaLt Socrety, SECTION ON Ra- 
pIOLOGY. Secretary, Frank S. Hussey, M.D., 250 
East Superior St., Chicago 11. 

Indiana 

INDIANA ROENTGEN Society. Secretary-Treasurer, 
J. A. Campbell, M.D., Indiana University Hos- 


pitals, Indianapolis 7. Annual meeting in May. 


Iowa 

Iowa X-Ray Crus. Secretary, Arthur W. Erskine, 
M.D., 326 Higley Building, Cedar Rapids. Meets 
during annual session of State Medical Society. 

Kentucky 

KENTucKyY RaproLocicaL Society. Secretary-Treas- 
urer, Sydney E. Johnson, M.D., 101 W. Chestnut 
St., Louisville. 

LOUISVILLE RaproLocicaL Socrety, Secretary-Treas- 
urer, Everett L. Pirkey, Louisville General 
Hospital, Louisville 2. Meets second Friday of 
each month at Louisville General Hospital. 

Louisiana 

LovistaNa RaprotocicaL Socrety. Secretary-Treas- 
urer, Johnson R. Anderson, M.D., No. Louisiana 
Sanitarium, Shreveport. Meets with State Med- 
ical Society. 
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Opuzans PaRISH RADIOLOGICAL Society. Secretary, 
Joseph V. Schlosser, M.D., Charity Hospital of 
Louisiana, New Orleans 13. Meets first Tuesday 
of each month. 

SarBVEPORT RADIOLOGICAL Cius. Secretary, Oscar O. 
Jones, M.D., 2622 Greenwood Road. Meets 
monthly September to May, third Wednesday, 


7:30 P.M. 


Maryland 
patm™ore City MepicaL Society, RADIOLOGICAL 


Section. Secretary, Harry A. Miller, 2452 Eutaw 
Place, Baltimore. 


Michigan 

Derrorr X-RAY AND RADIUM SOCIETY. 
Treasurer, E. R. Witwer, M.D., Harper Hospital, 
Detroit 1. Meetings first Thursday of each month 
from October to May, at Wayne County Medical 
Society club rooms. 

MicuiGAN ASSOCIATION OF ROENTGENOLOGISTS. 
retary-Treasurer, R. B. MacDuff, M.D., 
Genesee Bank Building, Flint 3. 


Secretary- 


Sec- 
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Minnesota 

Muwesota RaDIoLoGcicaL Society. Secretary, C. N. 
Borman, M.D., 802 Medical Arts Bldg., Min- 
neapolis 2. Regular meetings in the Spring and 

Fall 


Missouri 

RaploLocicAL SociETY OF GREATER KANSAS CITY. 
Secretary, John W. Walker, M.D., 306 E. 12th St., 
Kansas City, Mo. Meetings last Friday of each 
month. 

Sr. Louis Socrety OF RApIOLOoGIsSTS. Secretary, Edwin 
C. Ernst, M.D., 100 Beaumont Medical Bldg. 
Meets on fourth Wednesday of each month, 
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NesraSKA RADIOLOGICAL Society. Secretary-Treas- 
urer, O. A. Neely, M.D., 924 Sharp Building, 
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Treasurer, George Levene, M.D., Massachusetts 
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monthly on third Friday at Boston Medical 
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Nsw HampsHire ROENTGEN Society.  Secretary- 
Treasurer, Albert C. Johnston, M.D., Elliot Com- 
munity Hospital, Keene. Meetings quarterly in 
Concord. 


New Jersey 


RuptotocicaL Society oF NEW JERSEY. 
Raphael Pomeranz, M.D., 31 Lincoln Park, New- 


Secretary, 


ark 2. Meetings at Atlantic City at time of 
State Medical Society and midwinter in Newark 
as called. 
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ASSOCIATED RADIOLOGISTS OF New York, Inc. Sec- 
retary, William J. Francis, M.D., East Rockaway, 
L. I. 

BROOKLYN ROENTGEN Ray Socrety. Secretary-Treas- 
urer, Abraham H. Levy, M.D., 1354 Carroll St., 
Bklyn. 13. Meets fourth Tuesday of every month, 
October to April. 

BUFFALO RADIOLOGICAL Society. Secretary-Treasurer, 
Mario C. Gian, M.D., 610 Niagara St., Buffalo 1 
Meetings second Monday evening each month, 
October to May, inclusive. 

CENTRAL NEW YORK ROENTGEN Society. Secretary- 
Treasurer, Dwight V. Needham, M.D., 608 E. 
Genesee St., Syracuse 10. Meetings in January, 
May, and October. 

LonG ISLAND RADIOLOGICAL Society. Secretary, Mar- 
cus Wiener, M.D., 1430 48th St., Brooklyn 19. 
Meetings fourth Thursday evening each month at 
Kings County Medical Bldg. 

NEw YorK ROENTGEN Society. Secretary, 
Snow, M.D., 941 Park Ave., New York 28. 

ROCHESTER ROENTGEN-RAy Society. Secretary, Mur- 
ray P. George, M.D., 260 Crittenden Blvd., Ro- 
chester 7. Meets at Strong Memorial Hospital, 
third Monday, September through May. 


North Carolina 

RADIOLOGICAL SOCIETY OF NoRTH CAROLINA. Sec- 
retary- Treasurer, James E. Hemphill, M.D., Pro- 
fessional Bldg., Charlotte 2. Meets in May and 
October. 


North Dakota 

NortH Dakota RaprioLocicaL Society. Secretary, 
Charles Heilman, M.D., 1338 Second St., N., 
Fargo. 

Ohio 

Onto RaproLvocicat Society. Secretary, Carroll 
Dundon, M.D., 1030 Reibold Bldg., Dayton 2. 
Next meeting at annual meeting of the Ohio State 
Medical Association, May 1948. 

CENTRAL On1o RapIOLoGIcAL Society. Secretary, 
Hugh A. Baldwin, M.D., 347 E. State St., Co- 
lumbus. 

CINCINNATI RADIOLOGICAL Society. Secretary, Eugene 
L. Saenger, M.D., 735 Doctors Bldg., Cincinnati 2. 
Meets last Monday of the month, September to 
May. 

CLEVELAND RADIOLOGICAL SOCIETY. 
urer, George L. Sackett, M.D., 10515 Carnegie 
Ave., Cleveland 6. Meetings at 6:30 P.M. on 
fourth Monday, October to April, inclusive. 


Oklahoma 


OKLAHOMA STATE RADIOLOGICAL Society. Secretary- 
Treasurer, Peter M. Russo, M.D., 230 Osler Build- 
ing, Oklahoma City. Meetings three times a year. 


Wm. 


Secretary-Treas- 
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Pennsylvania 


PENNSYLVANIA RADIOLOGICAL Society. Secretary- 
Treasurer, James M. Converse, M.D., 416 Pine 
St., Williamsport 8. Meets annually. 

PHILADELPHIA ROENTGEN Ray Society. Secretary, 
Calvin L. Stewart, M.D., Jefferson Hospital, 
Philadelphia 7. Meets first Thursday of each 
month at 8:00 p.m., from October to May in 
Thomson Hall, College of Physicians, 21 S. 22d St. 

PITTSBURGH ROENTGEN Society. Secretary-Treasurer, 
Lester M. J. Freedman, M.D., 415 Highland Bldg., 
Pittsburgh 6. Meets second Wednesday of each 
month at 6:30 p.m., October to May, inclusive. 


Rocky Mountain States 


Rocky MOUNTAIN RADIOLOGICAL Society. Secretary- 
Treasurer, Maurice D. Frazer, M.D., Lincoln 
Clinic, Lincoln, Nebr. 


South Carolina 


SouTtH CAROLINA X-RaySociety. Secretary-Treasurer, 
Robert B. Taft, M.D., 103 Rutledge Ave., Charles- 
ton 16. 


Tennessee 


MEMPHIS ROENTGEN CLuB. Meetings second Tuesday 
of each month at University Center. 

TENNESSEE RADIOLOGICAL Society. Secretary-Treas- 
urer, J. Marsh Frére, M.D., 707 Walnut St., Chat- 
tanooga. Meets annually with State Medical 
Society in April. 


Texas 


DALLAS-FoRT WORTH ROENTGEN Stupy CLus. Sec- 
retary, X. R. Hyde, M.D., Medical Arts Bldg., 
Fort Worth 2. Meetings on third Monday of each 
month in Dallas in the odd months and in Fort 
Worth in the even months. 

Texas RapIOLoGiIcaAL Society. Secretary-Treasurer, 
R. P. O’Bannon, M.D., 650 Fifth Ave., Fort Worth 
4. Next meeting Jan. 17, 1948. 


Utah 


Utan STATE RADIOLOGICAL Society. Secretary-Treas- 
urer, M. Lowry Allen, M.D., Judge Bldg., Salt 
Lake City 1. Meets third Wednesday, January, 
March, May, September, November. 

UNIVERSITY OF UTAH RADIOLOGICAL CONFERENCE. 

Secretary, Henry H. Lerner, M.D. Meets first and 

third Thursdays, September to June, inclusive, 

at Salt Lake County General Hospital. 
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Virginia 
VIRGINIA RADIOLOGICAL Society. Secretary, E. Latan 


Flanagan, M.D., 215 Medical Arts Bldg., Rich. 
mond 19. 


Washington 


WASHINGTON STATE RADIOLOGICAL Society. Secre- 
tary-Treasurer, Homer V. Hartzell, M.D., 310 
Stimson Bldg., Seattle 1. Meetings fourth Monday 
October through May, at College Club, Seattle. 

Wisconsin 

MILWAUKEE ROENTGEN Ray Society Secretary- 
Treasurer, C. A. H. Fortier, M.D., 231 W. Wiscon- 
sin Ave., Milwaukee 3. Meets monthly on second 
Monday at the University Club. 

RADIOLOGICAL SECTION OF THE WISCONSIN STATE MEp- 
ICAL Society. Secretary, S. R. Beatty, M.D., 185 
Hazel St., Oshkosh. Two-day meeting in May 
and one day at annual meeting of State Medical 
Society in September. 

UNIVERSITY OF WISCONSIN RADIOLOGICAL CONFERENCE, 
Meets first and third Thursdays 4 to 5 p.M., Sep- 
tember to May, inclusive, Room 301, Service Mem- 
orial Institute, 426 N. Charter St., Madison 6. 


CANADA 


CANADIAN ASSOCIATION OF RaproLocists. Honorary 
Secretary- Treasurer, E. M. Crawford, M.D., 2100 
Marlowe Ave., Montreal 28, Quebec. Meetings 
in January and June. 

La Socift& CANADIENNE-FRANGAISE D’ELECTROLOGIE 
ET DE RADIOLOGIE MEDICALES. General Secretary, 
Origéne Dufresne, M.D., Institut du Radium, 
Montreal. Meets on third Saturday of each 
month. 


CUBA 


SocIEDAD DE RADIOLOG{A Y FISIOTERAPIA DE CUBA. 
Offices in Hospital Mercedes, Havana. Meets 
monthly. 


MEXICO 


SocliEDAD MEXICANA DE RADIOLOG{A Y FISIOTERAPIA. 
General Secretary, Dr. Dionisio Pérez Cosio, 
Marsella 11, México, D. F. Meetings first Mon- 
day of each month. 
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ROENTGEN DIAGNOSIS 


THE HEAD AND NECK 


Premature Closure of the Cranial Sutures in Infancy. 
Lorenzo Expésito. Rev. cubana pediat. 18: 497-508, 
August 1946. 

The author presents two cases of premature closure 
of the cranial sutures, in a boy of nine years and a girl of 
eight years. In one of the cases the manifestations were 
very slight from the clinical point of view but quite 
obvious from the radiological standpoint. In the other 
case the clinical manifestations of turricephaly, exoph- 
thalmos, visual changes, and prognathism were pro- 
nounced, as well as a curious ocular displacement. The 
radiographic findings were characteristic. Exophthal- 
mos is frequently very pronounced because of changes 
in the shape of the orbits. Dislocation of the ocular 
globes has been reported. In the author’s second case 
the globes were completely dislocated at the time of the 
examination. 

The diagnosis is easy in cases with accentuated de- 
formities, but in the early forms the radiographic ex- 
amination is indispensable. James T. Case, M.D. 


Radiosurgery: Foreign Bodies in the Neck Removed 
under Fluoroscopic Control. Carlos Santos. §S. Clin. 
North America 26: 1283-1291, October 1946. 

The author makes the remarkable statement that 
since 1921 he has removed some 2,000 foreign bodies 
under fluoroscopic control, “‘without the slightest 
damage to the patients, my assistants, or myself.’”” He 
records 2 cases of bullets lodged in the soft tissues of the 
neck, one in the lower cervical region adjacent to the 
trachea, the other in the soft tissues adjacent to the 
condyle of the mandible. The absence of injurious 
radiation effects he attributes to the fact that during in- 
tervention under radioscopic control, though the ex- 
posure may be long, the field size is kept at a minimum. 
In the first of the cases recorded here, for example, a 
period of from thirty to forty-five minutes was neces- 
sary to remove the foreign body, but the field size was 
never larger than one square inch. 

The author always uses red and infra-red rays 
postoperatively, but does not give his reasons for this 
practice. SyDNEY F. Tuomas, M.D. 


THE CHEST 


Importance of Tomography in the Diagnosis of In- 
filtrative and Polypoid Stenosing Cancer of the Inferior 


Third of the Trachea. José W. Tobias. Rev. méd. 
cubana 57: 809-830, October 1946. 

Tomography furnishes fundamental data in establish- 
ing the diagnosis of cancer of the lower third of the 
trachea. In the case reported here, tomographic studies 
showed, a few centimeters above the bifurcation, an 
enlargement of the trachea, infiltration of the tracheal 
wall by the neoplasm, and narrowing of the tracheal 
lumen, producing a funnel-shaped aspect. Also there 
was visualized a localized nodule, extending intra- 
parietally, situated in the tracheal wall at the point of 
maximum stenosis. This occurred at the level of a 
vegetating tumor, which had been discovered by 
temo, still further narrowing the tracheal 

en. 


This case demonstrates that tomography is decisive in 
the diagnosis of infiltrating polypoid tumors situated in 
the inferior portion of the trachea. By this procedure 
the clinical diagnosis of an infiltrating and stenosing 
cancer, accompanied by symptoms of right recurrent 
nerve syndrome due to secondary adenopathy, was in- 
controvertibly confirmed. The tomograms are neces- 
sary not only to establish the site of the tracheal tumor 
but also for determining the infiltrative and polypoid 
nature of the lesion which provokes the tracheal 
stenosis. Direct radiography serves only to recognize 
the existence of a tracheal tumor. 

James T. Case, M.D. 


Congenital Cystic Malformation of the Lung. Dif- 
ferential Diagnosis and Pathologic Characteristics in 
Twenty-One Cases. W. E. Adams, Francis J. Phillips, 
and John W. Hanni. J. Iowa M. Soc. 36: 425-433, 
October 1946. 

This report is based on a study of 21 patients with 
congenital cystic disease of the lung, in 12 of whom 
resection was done. The lesions were divided fairly 
equally among the various lobes, although in no case was 
either upper lobe alone involved. The review of pre- 
vious reports on this disease shows similar age dis- 
tribution, duration of symptoms, and location. 

The pathological picture of these cases was classified 
as follows: (1) multiple cysts and a considerable amount 
of normally functioning lung; (2) multiple cysts with 
little or no normally developed lung; (3) a large amount 
of abnormally developed bronchial tree elements, a 
number of smaller cysts, and little or no normally de- 
veloped terminal respiratory units. 

Microscopically, the cysts were lined by columnar 
ciliated epithelium except when it had been replaced 
by squamous epithelium or destroyed by infection. 
They were surrounded by a variable amount of fibrous 
connective tissue, cartilage, glands, and smooth muscle. 
Outside the cystic areas many small air passages lined 
by cuboidal or low columnar epithelium were present. 
With infection, the usual changes of pneumonitis were 
found. 

The most common diseases to be considered in 
differential diagnosis are bronchiectasis, lung abscess, 
empyema, tuberculosis, pneumothorax, pneumonitis, 
diaphragmatic hernia, and chronic bronchitis, in that 
order of frequency. Illustrative cases of cystic disease 
assuming these various guises are reported and certain 
suggestions are offered, as follows: 

(1) When only the middle lobe is involved by a 
suppurative process, cystic malformation should be 
suspected rather than bronchiectasis. 

(2) The diagnosis of lung abscess is a common error 
in those patients having chronic pneumonitis surround- 
ing cystic areas. The space does not collapse and re- 
peated drainage operations are common. Such a 
history should arouse suspicion of cystic disease. 

(3) Large infected cysts of the lungs are commonly 
erroneously diagnosed as empyema. In films obtained 
following diagnostic pneumothorax, the limits of the 
cavity are usually seen to be more rounded than in 
empyema. A routine biopsy of the wall at operation is 
helpful. 

(4) In patients having a productive cough with 
x-ray evidence of a cavity presenting a fluid level, a re- 
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peatedly negative sputum should rule out the diagnosis 
of tuberculosis. 

(5) Intrathoracic pressure changes due to large cysts 
of the lungs may be mistaken for spontaneous pneumo- 
thorax. The differential diagnosis can usually be made 
by establishing a pneumothorax, thus demonstrating the 
cyst wall, or by injecting an opaque medium, such as 
iodized oil, into the cystic space and visualizing the 
cyst wall and trabeculae roentgenographically. 

(6) A history of an insidious onset of a pulmonary 
suppurative process in a child without the usual etiologic 
factors for the production of bronchiectasis or lung 
abscess should strongly suggest congenital cystic disease 
rather than pneumonitis. 

(7) Continued cough in children or young adults 
without obvious cause should be looked upon with 
suspicion, and repeated fluoroscopic and roentgeno- 
graphic examination should be made for evidence of the 
lesion. 

The authors emphasize the fact that the sympto- 
matology, physical findings, laboratory findings, and 
even x-ray studies may be very confusing and that 
other conditions are often suspected for long periods of 
time before the true diagnosis is made. 

BERNARD S. KALAYJIAN, M.D. 


How Can We Differentiate, on the Appearance, 
Apparently Benign Intrathoracic Tumors? A. Brunner. 
Schweiz. med. Wchnschr. 76: 1013-1014, Oct. 5, 1946. 

In a discussion of the differential points between 
benign and malignant intrathoracic tumors, the author 
makes the point that it is impossible on the basis of a 
single roentgen examination to differentiate con- 
clusively between them; while observation and serial 
study may in many cases clarify the picture, ex- 
ploratory thoracotomy is recommended in those cases 
in which doubt persists after a reasonable time. IIlus- 
trative case reports are included. 

Lewis G. Jacoss, M.D. 


Primary Amyloidosis of the Lungs. Paul R. Dirkse. 
Am. J. Roentgenol. 56: 577-585, November 1946. 

Primary amyloidosis is an uncommon disease and is 
seldom diagnosed clinically. The author quotes the 
criteria established by Lubarsch for its differentiation 
from the more common secondary form. These include 
almost complete absence of amyloid from the organs 
usually involved in secondary amyloidosis, as the 
spleen, liver, and kidneys; presence of amyloid in or- 
gans and parts not usually involved, as heart, lungs, and 
skin; absence of a preceding or concomitant disease to 
which the presence of amyloidosis can be ascribed. The 
tongue is a frequent site of involvement. Extensive de- 
posits in the heart may lead to cardiac failure. Gastro- 
intestinal deposits may result in either constipation or 
diarrhea, abdominal pain, or vomiting. Deposits in 
bone are rare. Skin lesions may be lichenoid or plaque- 
like hyperkeratoses. Infiltrative lesions have been 
found roentgenographically in the stomach and the 
colon. 

In the case reported by the author the first roentgeno- 
gram, twenty months before death, already showed 
some bilateral enlargement of the hilar shadows and a 
linear and finely nodular peritruncal infiltration widely 
disseminated in the parenchyma of the lungs. Seven 
months later a left basilar pleuritis developed. One 
year after the first examination a gradual progression of 
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the hilar and parenchymal fibrosis was shown. There 
was also some atelectasis in the left base. These changes 
slowly progressed in degree and extent and two months 
before death there was beginning heart failure. The 
similarity to pulmonary sarcoidosis was striking 
Histologic examination showed deposits of amyloid in 
the alveolar walls and lung septa. Blood vessel walls 
were filled with amyloid. There was almost solid in- 
filtration of mediastinal connective tissue. The normal 
structure of the lymph nodes was replaced by large de- 
posits of amyloid. There were deposits also in the je 
num, the spleen, and the heart. 

Dyspnea was a prominent feature and there was a 
history of some indefinite abdominal discomfort, di- 
arrhea, and fatigability. 

CLARENCE E. WEAvER, M.D. 


ju- 


Roentgenological Aspects of Primary Atypical Pneu- 
monia. Wayne K. Cooper. J. Iowa M. Soc. 36: 487- 
489, November 1946. 

Cooper believes that roentgenographic manifestations 
of primary atypical pneumonia may be resolved into 
three groups: (1) widening or blurring of bronchovascu- 
lar markings in part of a lobe or lobes; (2) diffuse in- 
crease in density of part of one or more lobes with 
bronchovascular markings still visible through the in- 
creased density; (3) a combination of (1) and (2). The 
definite diagnosis depends on the x-ray appearance, and 
the latter is highly reliable, particularly in epidemics, 
although differentiation of this type of pneumonia from 
bacterial lobar pneumonia, bronchiectasis, and tuber- 
culosis offers difficulty in some cases. Cooper con- 
cludes that roentgen therapy, as reported by others, is a 
beneficial therapeutic agent which should be utilized 
more frequently. ELtwoop W. Goprrey, M.D. 


Pulmonary Infiltrations with Associated Eosinophilia. 
Forrest M. Willett and Elliot Oppenheim. Am. J. M. 
Sc. 212: 608-612, November 1946. 

Loeffler described the syndrome of transitory pul- 
monary infiltration associated with eosinophilia. The 
main characteristic of these infiltrations was their 
sudden appearance and disappearance in three to eight 
days. Cases with severe symptoms and a chronic 
course have, however, been described, in which the 
pulmonary infiltrations could be demonstrated roent- 
genologically for weeks or months. 

While the pulmonary infiltrations in many of these 
cases are probably on an allergic basis, they have also 
been associated with such diseases as_trichinosis, 
brucellosis, amebiasis, ascariasis, and coccidioidomyco- 
sis. In coccidioidomycosis the eosinophilia has usually 
been slight, ranging from 5 to 18 per cent. 

Two cases of coccidioidomycosis are reported in de- 
tail. In the first case, with dissemination, the pul- 
monary infiltration lasted about sixty-seven days, and 
the eosinophilia ranged from 6 to 89 per cent. In the 
second case, the infiltration lasted about forty-six days 
and the eosinophilia ranged from 2 to 27 per cent. 

BENJAMIN CopLeMAN, M.D. 


Non-Tuberculous Spontaneous Pneumothorax in 
Early Infancy. José Diaz Rousselot and Roberto 
Valdés Diaz. Rev. cubana pediat. 18: 199-230, April 
1946. 

Spontaneous pneumothorax has long been considered 
as a rare condition in early infancy. Modern methods 





whoo} 
are ca 
pleurc 
into t! 
of the 
patho 


impor 
pleur« 
Em 


spont: 


Bils 
Comp 
with 
Milto 
1946. 

Th 
pneut 
a pat 
coron 
desce 
A44- 
for t 
acute 
incre: 
electr 
tion. 
infarc 
clude 
toms 
anotl 
of th 
sever 
infar 
acute 
rant, 
uria, 
kidne 
renal 
roent 
with 
toms 
was ; 
stitu 
Roen 
pulm 

Deat 
13) ¢ 

Ne 
gm.; 
thror 


cm., 





iber 1947 


There 
changes 
months 
>. The 
triking 
yloid in 
el walls 
olid in- 
normal 
irge de- 
1e jeju- 


Wasa 
rt, di- 


M.D. 


Pneu- 
): 487- 


tations 
d into 
vascu- 
use in- 
Ss with 
the in- 
The 
e, and 
emics, 
1 from 
tuber- 
r con- 
rs, isa 
tilized 
.D. 


philia. 
J. M. 


4 pul- 
The 
their 
eight 
ironic 
h the 
oent- 


these 
- also 
10sis, 
1yco- 
ually 


1 de- 
pul- 
and 

1 the 

days 


D. 


erto 
\pril 


ered 
10ds 








Vol. 49 


of investigation, especially radiology, have demon- 
strated the relative frequency of this process. 

The authors base this paper on 8 cases of non-tubercu- 
lous, non-traumatic, spontaneous pneumothorax oc- 
curring in children under two years of age. Sex, race, 
and season have no influence on the affection. Violence 
js an important factor; childhood diseases such as 
whooping cough, bronchitis, and bronchopneumonia 
are causative agents. Previously existing parenchymal 
pleuropulmonary lesions predispose to the passage of air 
into the pleural cavities. Knowledge of the mechanism 
of the formation of subpleural blebs throws light on the 
pathogenesis of spontaneous pneumothorax. 

Radiographic and fluoroscopic studies are of prime 
importance but occasionally may be supplemented by 
pleuroscopy. 

Empyema is a rare complication of non-tuberculous 


spontaneous pneumothorax. 
James T. Case, M.D. 


Bilateral Pulmonary Infarction and Pneumothorax 
Complicating Hypertensive Coronary Heart Disease 
with Myocardial Infarction. Report of a Case. H. 
Milton Rogers. Am. Heart J. 32: 519-528, October 
1946. 

The author reports a case of bilaterai spontaneous 
pneumothorax associated with pulmonary infarction, in 
a patient with hypertensive heart disease followed by 
coronary thrombosis and occlusion of the left anterior 
descending coronary artery with myocardial infarction. 
A 44-year-old white man gave a history of hypertension 
for ten to twelve years. Examination following an 
acute episode showed an elevation of temperature, an 
increased white count, and albumin in the urine. The 
electrocardiogram revealed anterior myocardial infarc- 
tion. Roentgen findings were suggestive of pulmonary 
infarction, but a bronchopneumonia could not be ex- 
cluded. Treatment was instituted and most of the symp- 
toms abated. Within a few days, however, there was 
another rise in temperature and a roentgen examination 
of the chest revealed a bilateral pneumothorax, with 
severe passive congestion in both lungs and probable 
infarction in the lower lobes. Nine days later anothér 
acute episode set in, with pain in the right upper quad- 
rant, sudden elevation of temperature, and albumin- 
uria, leading to a diagnosis of infarction of the right 
kidney, probably secondary to embolization of the right 
renal artery. Follwing recovery from this attack, 
roentgenograms of the chest showed clear lung fields, 
with resolution of the infarcts. Two months later symp- 
toms of right heart failure were evident. The patient 
was again hospitalized, and dicumarol therapy was in- 
stituted in addition to the usual cardiac measures. 
Roentgen studies of the chest now revealed bilateral 
pulmonary congestion and an increase in heart size. 
Death ensued from right heart failure five weeks later, 
1¥) days after the original examination. 

Necropsy revealed an enlarged heart, weighing 600 
gm.; a left ventricular aneurysm; a well organized 
thrombus in the left ventricle which measured 6 X 5 X 2 
cm., adherent to the endocardium beneath the an- 
eurysm; small old mural thrombi in the right ventricle; 
coronary sclerosis of the left circumflex and the right 
coronary artery (grade 2); sclerosis (grade 3) of the left 
anterior descending coronary artery, which contained 
an old antemortem thrombus originating 1 cm. from the 
bifurcation of the left coronary artery; a small pleural 
cyst over the right middle lobe containing an organized 
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blood clot; atelectasis of the right lower lobe, which 
contained an organized infarct measuring 4 X 4 X 3 
cm.; smaller infarcts in the right middle and left lower 
lobes; well organized thrombi in the pulmonary arteries 
leading to the right middle and lower lobes; atrophy of 
the right kidney, most of which was destroyed by old 
and recent infarcts; narrowing of the right renal artery 
by atherosclerotic plaques. 

The author concludes that spontaneous bilateral 
pneumothorax may occur in association with pulmonary 
infarction and that secondary infection of an infarct is 
not essential for the development of this complication. 
The exact mechanism of the pneumothorax in the case 
recorded is not entirely clear. It is suggested that it 
may have been the result of rupture of the alveoli of the 
lung during coughing, permitting passage of air into the 
interstitial tissues. 

Special attention is drawn to two clinical features of 
the case: (1) the marked elevation of the diastolic 
pressure following the renal infarction, and (2) the 
absence of further intracardiac or peripheral manifesta- 
tions of vascular thrombosis after the institution of 
dicumarol therapy. Henry K. Taytor, M.D. 


Spontaneous Pneumothorax. Report of a Case. 
John W. Hope and Alva C. Surber, Jr. U.S. Nav. M 
Bull. 46: 1600-1603, October 1946. 

The authors report a case of spontaneous pneumo- 
thorax developing in a sailor aboard a heavy cruiser en- 
gaged in a very active and difficult operation in the 
Pacific. The case is presented not because of its medi- 
cal rarity but to show what can be done with limited 
equipment. The only x-ray facility aboard was a 
General Electric dental unit and this was used for 
various x-ray examinations. The technic of taking a 
chest film was relatively simple. The machine was 
firmly attached to the bulkhead in such a position that 
it could be swung to the dental chair. When employed 
for chest work it was swung as far out into the dental 
office as possible and brought down to the level of the 
chest to be examined. The patient was seated with his 
back to the machine on a high surgical stool 72 inches 
from the x-ray tube, and the cassette was held in front of 
him by a hospital corpsman. Since the dental unit was 
fixed at 10 ma. and 85 kv., the time was the only 
variable. The time employed on the average chest was 
one second. A different hospital corpsman was used 
each time to avoid overexposure to radiation. The 
x-ray findings in this case confirmed the clinical impres- 
sion of a left-sided pneumothorax. The patient was 
treated symptomatically and was able to return to 
light duty fifteen days after the occurrence of the 
pneumothorax. A chest roentgenogram a week later 
was normal. 


A Pulmonary Reaction Following Intrabronchial 
Instillation of Lipiodol in Bronchial Asthma. S. I. 
Kooperstein and H. E. Bass. Am. J. Roentgenol. 56: 
569-576, November 1946. 

Experience has shown that the use of iodized oil in 
the bronchopulmonary tree may be accompanied by 
some danger. A fatality was reported by Macdonald 
(Ann. Int. Med. 6: 253-277, 1932) following bronchog- 
raphy with lipiodol. The patient was a child who had 
suffered from asthmatic attacks. 

In a recent study of 40 cases of bronchial asthma, 
bronchograms were obtained as part of a clinical in- 
vestigation, with lipiodol as the contrast medium. In 
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3 cases, an acute febrile illness developed following the 
introduction of the medium, associated with roentgen 
evidence of pulmonary infiltration. Two of the 3 pa- 
tients had a skin eruption resembling hives following 
bronchography, and in all 3 bilateral basal pneumonia 
developed nine, twelve, and ten days, respectively, fol- 
lowing that procedure. Two patients showed a striking 
elevation of the total eosinophile count. Sensitivity 
tests in these cases seemed to incriminate the lipiodol as 
the agent responsible for the acute pulmonary episodes. 
That the iodine portion of the lipiodol was the allergen 
involved seemed to be borne out by the failure of 
these patients to react to pure poppyseed oil or butyn 
sulfate (the anesthetic used), and by the marked 
reaction produced by diodrast, an organic compound of 
iodine. The importance of skin testing individuals, 
especially those with allergic backgrounds, is empha- 
sized. CLARENCE E. WEAVER, M.D. 


Roentgenologic Diagnosis of Certain Congenital 
Lesions of the Heart and Great Vessels. David G. 
Pugh. Am. J. Med. Sc. 212: 628-635, November 1946. 

This paper is a review of the more recent literature on 
the roentgen diagnosis of congenital cardiovascular 
lesions that are amenable to surgical treatment—patent 
ductus arteriosus, tetralogy of Fallot, coarctation of the 
aorta. 


Roentgenologic Kymographic Studies of the Heart in 
the Presence of an Arteriovenous Fistula and Their 
Interpretation. Emile Holman. Ann. Surg. 124: 920— 
932, November 1946. 

Arteriovenous fistulas of sufficient caliber produce 
cardiac enlargement and increased blood volume. Clo- 
sure of such fistulas commonly produces further disten- 
tion of the heart, increase in blood pressure, and slowing 
of the pulse. To understand more clearly the latter 
changes, the author has made an exhaustive study of a 
male patient with a large arteriovenous fistula of the 
popliteal vessels, before and after successful surgical 
closure. 

Kymography of the heart was done prior to operation 
with the fistula closed during one-half of each ten-second 
exposure and open the other half. By careful study of 
the individual frames of the kymogram, it was possible 
to determine the exact time at which the fistula was 
closed by digital pressure. With the fistula closed, the 
right auricle was reduced in size, the aorta was greatly 
distended, the pulmonary conus was reduced in size, and 
the left ventricle was distended. When the fistula was 
open, the right auricle and pulmonary conus resumed 
their distended condition and the aorta and left ven- 
tricle were decreased in size. These variations in the 
size of the chambers and central vessels of the heart are 
explained as follows: 

Closing the fistula forces into the general arterial cir- 
culation the blood that formerly leaked through the 
fistula into the capacious venous system. With the in- 
creased blood volume present, the entire arterial circula- 
tion becomes distended and remains so for a period of 
twenty-four to thirty-six hours, until the excess volume 
of blood is partially eliminated. The size of the heart is 
gradually reduced to normal except for some residual 
hypertrophy developing during the life of the fistula. 
This reduction in heart size is shown strikingly in 
teleroentgenograms of the author’s patient. Before 

operation the heart measured 15.3 cm. in transverse 
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diameter; twenty days after operation, 14.2 cm. and 
ninety-six days after operation, 12.3 cm. ; 
The retardation of the pulse following closure of the 
fistula is explained by the author as due to the shift of 
the abnormally large blood volume into the arterial 
circulation. He shows sudden distention of the aorta on 
the kymogram when the fistula is manually closed. This 
abnormal distention stimulates the end organs of the 
depressor (vagus) nerve, with immediate slowing of the 
cardiac contraction rate to compensate for the exces- 
sively high blood pressure incident to over distention of 
the arterial bed. In the following hours and days, as the 
blood volume is reduced, the pulse rate and blood pres- 
sure return to normal except that the diastolic pressure 
may remain slightly elevated. B.S. KALAyyI1an, M.D, 


Aneurysm of the Descending Thoracic Aorta. Sam- 
uel A. Loewenberg and Samuel Baer. Am. Heart J. 
32: 653-658, November 1946. 

The authors give the case history and postmortem 
findings for a colored male, aged 61, who died of a rup- 
tured syphilitic aneurysm. The aneurysm was located 
in the lower portion of the thoracic aorta, and diagnosed 
before death. The sacculation displaced the esophagus 
anteriorly and to the left and eroded the bodies of D9 
and 10. 

The case is reported because of the infrequent occur- 
rence of aneurysms in the lower portion of the thoracic 
aorta, their varied clinical picture, and the frequency 
with which they remain undiagnosed during life, in 
spite of rather characteristic clinical and roentgen find- 
ings. HENRY K. Taytor, M_D. 


Registration of the Movements of the Heart with 
Geiger-Miiller Counters and Synchronous Electro- 
cardiography. Gunnar Hjelmare. Acta radiol. 27: 
334-338, May 6, 1946. 

Since 1937, the author has been attempting to obtain 
a roentgenologic record of cardiac motion which is more 
exact than that obtained with the usual kymogram. 
The use of photo-electric cells with the fluorescent 
screen did not prove practical and a Geiger-Miiller 
counter was developed for registering the heart move- 
ments during screening. An amplifier permits registra- 
tion of the intensity of the incident radiation in the form 
of a tracing on a film strip. The counter is enclosed ina 
lead casing with a slit window for application at right 
angles over the margin of the heart to be studied. The 
tracing, which is then superimposed upon a simultaneous 
electrocardiographic tracing, gives the exact correlation 
of the motion at the studied point with the electro- 
cardiogram. The number of cases thus far has been 
limited, but further experiments are planned to include 
two Geiger-Miiller counters so that motion can be re- 
corded from two points simultaneously with the electro- 
cardiogram. EvizaBetu A. CLarK, M.D 


THE DIGESTIVE TRACT 


Congenital Esophageal Atresia with Tracheoesophag- 
eal Fistula: A Case Report of Successful End-to-End 
Anastomosis. M. Lawrence White, Jr., and McLemore 
Birdsong. Surgery 20: 548-557, October 1946. ; 

A case of congenital atresia of the esophagus 1s re- 
ported. This was of the usual type (Vogt’s 3 B)—a 
blind upper segment and a communication between the 
lower segment and the trachea. Diagnosis was made on 








nber 1947 


m., and 


e of the 
shift of 
arterial 
Lorta on 
d. This 
. of the 
g of the 
> €xces- 
ition of 
» as the 
xl pres- 
ressure 
M.D. 


Sam- 
eart J. 


10rtem 
a rup- 
ocated 
gnosed 
yhagus 
of D9 


occur- 
oracic 
uency 
ife, in 
1 find- 
_D. 


- with 
ectro- 
L. 2v 


btain 
more 
sram. 
scent 
liiller 
10ve- 
istra- 
form 
lina 
right 

The 
eous 
ition 
ctro- 
been 
lude 
> re- 
‘tro- 
8) 








Vol. 49 


the fourth day after birth. X-ray examination of the 
esophagus with iodized oil introduced through a catheter 
showed the upper segment extending to the level of the 
second dorsal vertebra. Air in the gastro-intestinal 
tract indicated a communication between the trachea 
and the lower segment. Immediate operation was 
undertaken, the approach being through the right 
posterior area. Both upper and lower segments were 
identified, separated by only a short distance. The 
lower segment was attached to the trachea about 0.5 
cm. inferior to the lower end of the upper segment. The 
fistula connecting the lower segment was ligated and 
anastomosis of the esophagus was done over a No. 8 
French urethral catheter passed into the stomach and 
up into the mouth. A double row of very fine silk 
sutures was used and the catheter was removed through 
the mouth. The postoperative régime included 
prophylactic penicillin administration and supportive 
fluid and nutritive therapy. The wound healed by 
primary intention. Repeated x-ray examination on and 
after the third postoperative day showed no stricture at 
the site of anastomosis. The infant developed normally 
and nine months after the operation weighed 16 pounds, 
41/2 ounces. 

In discussion of the case, the authors express 
the opinion that the right extrapleural posterior 
approach is the easiest. They inserted no drain at the 
site of the anastomosis, but aspirated the closed extra- 
pleural space daily for five days, injecting penicillin 
after each aspiration. They believe that a higher level 
of penicillin may thus be maintained in the wound. 

The three important points in the postoperative care 
are: (1) the prevention of infection; (2) the control of 
body temperature; (3) the maintenance of nutrition. 

J. E. WHITELEATHER, M.D. 


Treatment of Esophageal Achalasia or Cardiospasm: 
Report of Four Patients Treated Surgically. H. Max 
Schiebel. Surgery 20: 558-570, October 1946. 

The syndrome of achalasia or cardiospasm has been 
recognized since 1679. The symptoms are pain, 
dysphagia, and regurgitation of food. Cold drinks and 
cold foods are most poorly tolerated. Loss of weight, 
vomiting, and remissions and exacerbations may fre- 
quently be seen. These may be associated with 
emotional conflicts, but not necessarily so. X-ray 
studies usually show an olive-tip type of obstruction 
with or without dilatation of the esophagus. Accumu- 
lated food and secretions make the examination diffi- 
cult, and lavage of the esophagus may be necessary as a 
preliminary measure. 

-The dilatation may be flask-shaped, fusiform, or S- 
shaped (sigmoid). These types probably represent 
variations in the degree of-dilatation and lengthening of 
the esophagus following its obstruction and must be 
taken into consideration in determining upon the 
method of treatment. 

The major complication of the condition is pulmonary 
infection due to regurgitation of food and aspiration 
into the respiratory tract. This occurs sometimes at 
night without the patient’s knowledge, simply as an 
overflow. Other complications ‘are emotional insta- 
bility, bleeding, and chronic cough. Death from starva- 
tion has occurred. 

Simple measures such as warming of food, thorough 
mastication, slow eating, rest before and after meals, 
prove effective in some cases. In others, dilatation may 
be done with good results. Surgical intervention is in- 
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dicated under the following conditions: (1) When 
roentgenographic examination discloses increased length 
of the esophagus with a sigmoid or flask-shaped contour. 
In these cases, dilatation is difficult, dangerous, and 
must usually be kept up more or less continuously. 
(2) When, under proper care as to rest, types of food, 
and reasonable freedom from simple emotional dis- 
turbance, frequent dilatation is required (once a week 
or several times a month). Under such circumstances 
the patient should be advised that an operative proce- 
dure is available which carries a high percentage of 
cure. (3) When the patient does not tolerate dilatation 
well because of fear and pain and has no possibility of 
learning the use of bougies without medical aid. (4) 
When the patient is geographically or financially unable 
to have frequent dilatations. 

Surgical treatment consists in esophagogastrostomy, 
according to the technic described by Ochsner (Surg., 
Gynec. & Obst. 72: 290, 1941), through a transperi- 
toneal approach. A double layer anastomosis is ac- 
complished. Four cases thus treated are recorded. In 
2 there was a complicating wound infection with 
Staphylococcus albus and mixed organisms. In one, 
the drainage persisted for several months, necessitating 
re-drainage. In this case, contamination by stomach 
contents was felt to be responsible for the infection. In 
neither of these cases, however, was the function of the 
esophagogastrostomy impaired. All 4 patients were 
completely relieved of symptoms. 

J. E. WHITELEATHER, M.D. 


Esophageal Hiatus Hernia. Louis L. Perkel. J. M. 
Soc. New Jersey 43: 414-417, October 1946. 

The author reviews the general features of esophageal 
hiatus hernia, including the important roentgen signs, 
and presents his own series of 51 cases, observed in the 
course of 7,500 gastro-intestinal roentgen examinations. 
The average age of his patients was 63.5 years and the 
ratio of females to males was 5 to 1. The symptoms 
simulated cardiac, gastric, or cholecystic disease in 86 
per cent of the cases. In 56 per cent the condition was 
misdiagnosed as either gallbladder or coronary disease. 
Great stress is placed upon the roentgen examination, 
especially in the horizontal position. 


Preclinical Stage of Infantile Hypertrophic Pyloric 
Stenosis. Arvid Wallgren. Am. J. Dis. Child. 72: 
371-376, October 1946. 

Since hypertrophic pyloric stenosis does not usually 
appear before the age of three weeks, the question 
arises whether the condition, or the muscular hyper- 
trophy which is its basic anatomic cause, is or is not con- 
genital. In order to determine this point, 1,000 new- 
born boys from the Géteborg Maternity Clinic (Sweden) 
were examined roentgenographically and subsequently 
kept under observation for evidence of pyloric stenosis. 
According to Swedish statistics, which show an in- 
cidence of one case in every 150 male children, 6 cases 
might be expected from the present series. Actually 5 
cases developed, showing the usual clinical and roent- 
gen signs. The latter have been described by Runstrém 
(Acta paediat. 26: 383, 1939) as including obstruction 
of the pyloric canal so that its lumen is only a few 
millimeters in width for a distance of 2 or 3 cm., a delay 
in gastric evacuation time, and distention of the 
stomach. 

The significant finding in the author’s study was that 
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the original—preclinical—roentgenograms of the 5 in- 
fants in whom hypertrophic pyloric stenosis subse- 
quently developed differed in no respect from those of 
the 995 other children. He believes, therefore, that it is 
incorrect to speak of congenital pyloric stenosis. If 
some slight degree of hypertrophy of the pyloric muscle 
exists at birth—and this possibility cannot be alto- 
gether excluded—it must be soft, must permit the 
passage of the peristaltic waves coming from the body 
of the stomach, must have no constricting effect, and 
must not be in a state of permanent contraction or 
spasm, since it is not evident on roentgen examination. 
PauL W. Roman M.D. 


Gastric Carcinoma: Incidence and Diagnostic Pro- 
cedures. Samuel N. Maimon and Walter Lincoln Pal- 
mer. Surg., Gynec. & Obst. 83: 572-574, November 
1946. 

The average age of the population is rising and with it 
also the incidence of cancer. Of the cancer deaths in 
1938, approximately 18 per cent were due to cancer of 
the stomach. The incidence of gastric cancer also rises 
with age; 76.3 per cent of the authors’ series of 566 
patients being over 50 years old. 

The authors believe there is a trend toward earlier 
diagnosis as shown by an analysis of 559 cases, of which 
47 per cent were diagnosed within six months of the on- 
set of symptoms. 

Gastroscopy is of distinct value and with it a correct 
diagnosis was made in 84.6 per cent of the series here 
recorded. Repeat examinations are of distinct value, 
permitting one to more accurately evaluate the chang- 
ing picture. 

The x-ray examination is the most important single 
diagnostic procedure and by it a correct diagnosis was 
made in 92 per cent of 533 cases. Determination of re- 
sectability by x-ray is unreliable. In a series of cases at 
the Mayo Clinic, 50 per cent of the tumors radiographi- 
cally believed to be suitable for resection were found un- 
suitable at operation and 39 others deemed unresectable 
by x-ray were removed at operation. 

ARTHUR W. Prype, M.D. 


Perforation of a Duodenal Ulcer During Roentgen 
Examination. J. A. Schilling. Surgery 20: 730-743, 
November 1946. 

The reported incidence of perforation of peptic 
ulcers during or immediately following fluoroscopic 
examination varies considerably. It is especially high 
in the European reports, which may be due to more 
vigorous palpation during fluoroscopy. Fifty-seven 
cases were found in the literature and to these the 
author adds a further example. 

Reaction of the peritoneum to barium sulfate has 
been investigated by several workers, and these studies 
are briefly reviewed. It has been found that the 
pylorospasm following experimental perforation of 
the duodenum causes delay in contamination of the 
peritoneal surfaces as compared with gastric perfora- 
tion. Injection of barium sulfate into the peritoneal 
cavities of rats, as investigated by J. C. Thomas (J. 
Path. & Bact. 43: 285, 1936), resulted in a transient, 
non-specific polymorphonuclear leukocyte migration, a 
large lymphocytic and macrophagic mobilization, and 
later encapsulation with granulation tissue. Most of 
the particles are phagocytosed by macrophages. 
Foreign-body giant cells are formed in small numbers 
and only after a relatively long period of time. The 





ABSTRACTS OF CURRENT LITERATURE 








September 1947 


response of the peritoneum in encapsulating every type 
of foreign body is well known. 

The case reported is that of a 72-year-old white male 
who was undergoing a routine gastro-intestinal examina- 
tion because of symptoms indicative of gastric or duo- 
denal disease. Some of the symptoms, such as stabbing, 
burning epigastric pain, most severe around midnight, 
experienced during the month before admission, suggest 
the possibility of partial perforation before the examina- 
tion was begun. The authors do not say whether the 
duodenal cap was seen before the barium entered the 
peritoneal cavity, merely stating that “a 250 c.c. sus- 
pension was swallowed, containing 200 gm. of barium 
sulfate. During fluoroscopy, barium was observed to 
streak out to the right and the left of the duodenal cap 
and very promptly outlined the right lower boundary of 
the peritoneal cavity.”’ [Hence it is possible that the 
perioration existed prior to examination and thus was 
not due to fluoroscopic manipulation—J. E. W.] 
Roentgenograms confirmed the distribution of barium 
throughout the peritoneal cavity. Operative closure of 
the duodenal perforation, 1.5 cm. in diameter, was 
immediately carried out. After a stormy course, the 
patient recovered. An eosinophilia, reaching 30 per 
cent, occurred eight weeks postoperatively and lasted 
for two months. The patient apparently suffered no 
permanent harm, and was free of ulcer symptoms at the 
time of the report. 

The usual path taken by fluid spilling from a duodenal 
perforation is described as being first into the sub- 
hepatic space and the right infracolic region, with con- 
centration low in the right lumbar gutter. The sub- 
phrenic spaces are not entered early. The left lumbar 
gutter and the pelvis are soon involved. In the author’s 
case, wide diffusion was observed almost immediately 
after perforation, while fluoroscopy was still in progress 
Ten days later, roentgenograms showed the barium in 
both subphrenic spaces. Adhesions apparently formed 
quickly, as the barium remained in a fixed pattern after 
the tenth day. None spread to the chest. In experi- 
ments with dogs barium was carried along the lym- 
phatics, even to the thoracic nodes. 

Excellent radiographs of the patient and of the in- 
jected dogs, and photomicrographs of material obtained 
from these dogs, are included. 

J. E. WxHITeELeaTuHER, M.D. 


Some Problems in Abnormal Intestinal Physiology 
Associated with Peritoneal Adhesions and Ileus. Ross 
Golden. Am. J. Roentgenol. 56: 555-568, November 
1946. 

Intestinal obstruction and ileus are two different 
things. Ileus may follow obstruction—mechanical 
ileus—or it may occur without obstruction—paralytic 
ileus. 

The distention of the intestine with gas and fluid 
makes the detection of ileus easy by the roentgen 
method. The routine procedure is to take films with 
the patient lying on either side or even erect, with the 
rays directed horizontally to show the fluid levels, in 
addition to a postero-anterior or an anteroposterior pro- 
jection. Evidence of ileus can be demonstrated earlier 
by this than by any other method. Distention by gas 
does not obliterate the mucosal folds of the jejunum, 
which can be seen as fine cross striations in the gas 
shadow. The mucosal folds of the ileum are obliterated 
under the same conditions. Thus one may differentiate 
between gas-distended jejunum and ileum. 
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In gradual development of constriction, the intestine 
may be able to compensate for the obstruction ; dilata- 
tion occurs but ileus is not present. A point is reached, 
however, where physiologic compensation cannot con- 
tinue, decompensation results, and ileus occurs. But, 
while it adapts itself well to slowly developing disten- 
tion, the intestine is vulnerable to rapid distention. 

Paralytic ileus may be initiated by a number of 
causes. Of these, the author mentions generalized 
purulent peritonitis, extra-intestinal conditions such as 
pneumonia or spinal injury, and hypoproteinemia. A 
paralytic ileus may develop as a complication of 
mechanical ileus, and is frequently associated with 
hypoproteinemia. Protein depletion often exists with 
gastro-intestinal disorders, and may be aggravated by 
the inability of patients with ileus to take food. Redis- 
tention of the intestine along the Miller-Abbott tube 
may be taken as suggestive of hypoproteinemia. What- 
ever the immediate cause of the ileus it seems reasonable 
to conclude that in some way the operation of the 
parasympathetic nervous system is interfered with. In 
hypoproteinemia, the interference seems to be asso- 
ciated with edema of the intestinal wall. In these cases 
x-ray examination of the chest may show edema of the 
lungs. 

The effect of adhesions on the wall of the intestine is a 
little more complex than mere mechanical pressure. 
The narrowing at the site of the adhesions must be due 
toa contraction of the circular muscle and not to pres- 
sure from the outside. It seems that both a localized 
acute inflammation and a fibrotic process in the wall at 
the site of an adhesion are capable of producing a local- 
ized disturbance in the motor physiology of the intes- 
tine, manifested by narrowing. This narrowing may 
persist after death. The author speculates on the 
possibility of a fibrosis resulting in the intestinal wall, 
following a long continued ischemia at the site of con- 
traction. It seems possible that a mechanical stimulus 
from the pull of the peristaltic contraction trans- 
mitted caudad through the adhesions to the wall ahead 
of the peristaltic wave may play a part in causing the 
localized narrowing. This would have somewhat the 
same effect as is noted in pinching the intestine. 

This paper is an excellent treatise on the normal and 
morbid physiology of the small intestine. 

CLARENCE E. WEAVER, M.D. 


Barium as a Factor in Intestinal Obstruction. Leon- 
ard K. Stalker. Am. J. Surg. 72: 756-757, November 
1946. 

The author presents the case of a 71-year-old woman 
who for about two weeks suffered vague abdominal 
pains associated with indefinite dyspepsia. Physical 
examination was negative and a barium meal was given. 
Within twelve hours a nearly complete intestinal ob- 
struction developed, which was relieved by prolonged 
intestinal suction, supportive therapy and, in one week, 
elective surgery. Operation revealed a “napkin ring” 
type carcinoma at the hepatic flexure with some 
barium still present in the small intestine and proximal 
colon. 

It is pointed out that in patients in whom there is any 
Possibility of an obstructing lesion of the lower intes- 
tinal tract, roentgen study with retrograde barium would 
be safer than oral administration. Lesions of the right 
half of the colon are particularly apt to be relatively 
symptomless because of the semifluid state of the fecal 
matter in this region. When barium is given by mouth 
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in cases such as the one presented, one risks the pre- 
cipitation of a complete obstruction. 
Pau. W. Ey er, M.D. 


Pneumoperitoneum in a Newborn Child Due to Per- 
foration of the Ileum. Laudelino H. Gonz4lez. Rev. 
cubana pediat. 18: 445-452, July 1946. 

The rarity of reports of perforation of the intestinal 
tract in the newborn and the exceptional cure of such 
perforation led the author to record the present case. 
He mentions another case from his clinic with double 
perforation of the transverse colon and peritonitis. 

The published literature indicates that of all perfora- 
tions occurring in the gastro-intestinal tract, whether in 
intrauterine life or in the postnatal period, the majority 
involve the ileum. Meconial impaction is the most 
common cause, as was first observed by Andersen(Am. J. 
Dis. Child. 56: 344, 1938). In some cases there has been 
associated pancreatic fibrosis or biliary duct obstruction 
to explain the meconial hardening, but in others there 
has been found no alteration either in the pancreas or in 
the bile ducts. Bacterial infections in various parts of 
the digestive tube, but especially appendicitis, account 
for many cases. Congenital anomalies, volvulus, in- 
vagination, Meckel’s diverticulum, hernia, intestinal 
angulations, and traumatism or wounds occurring dur- 
ing the birth period have also been mentioned, although 
the last two have been very much doubted. 

Most of the cases have been diagnosed postmortem 
until recent years, when, with the aid of the x-ray, early 
diagnosis has been possible. The author recommends 
the systematic radiographic investigation of all cases of 
abdominal distention in the newborn. 

Although the exact cause of death in the case here re- 
ported was not determined, it seemed most likely to be 
due to localized circulatory disturbance. 

James T. Case, M.D. 


Case of Intersigmoid Hernia with Illustrations of 
X-Ray Appearances. G. G. Gotlieb. Brit. J. Radiol 
19: 429-431, October 1946. 

Intersigmoid hernia is a rare condition, only 20 cases 
having been recorded. It results from the catching of a 
loop of small bowel in a fossa close to the bifurcation of 
the iliac artery behind the sigmoid mesocolon. The 
symptoms are those of acute or chronic intestinal ob- 
struction. One case is reported in which the diagnosis 
was made by x-ray after a colon injection. The reflux 
of barium into the ileum demonstrated the point of 
obstruction. SypNneY J. HAwWLey, M.D. 


Lymphogranulomatcus Strictures of the Rectum: A 
Resume of Four Hundred and Seventy-Six Cases. 
Louis T. Wright, W. Adrian Freeman, and Joel V. 
Bolden. Arch. Surg. 53: 499-544, November 1946. 

This paper is a study of 476 consecutive cases of 
fibrous inflammatory (lymphogranulomatous) stricture 
of the rectum. Lymphogranulomatosis is a virus 
disease of world-wide distribution. This particular 
manifestation of the condition is more common in 
Negro women; men with the condition are often per- 
verts. Differences in lymphatic drainage of the genital 
region in the sexes accounts for this distribution. The 
most common age is in the fourth decade. The patho- 
genesis depends on a lymph stasis resulting from the in- 
fection, with secondary involvement of the lymph chan- 
nels by the virus and final scar formation. There is con- 








388 


siderable variation in the degree of involvement and 
course, possibly because of variations in the strain of 
virus and in the host’s response. 

The stricture is usually cylindric; the length and loca- 
tion are variable. The mucosal surface may be ulcer- 
ated, and rectal fissures, condylomata, and perianal 
fistulae often accompany the disease. Carcinomatous 
degeneration is sometimes observed. The Frei test is 
usually but not always positive; hyperproteinemia with 
reversal of the albumin-globulin ratio is the rule. 
Anemia and amyloidosis are commonly found, but are 
not specific. 

Roentgen study will show the degree and length of 
the stricture, and is invaluable in high stricture. In low 
stricture the authors have passed a balloon through the 
stricture and filled it with sodium iodide solution for 
contrast, thus avoiding the danger of impaction and 
complete obstruction. Tuberculosis, ulcerative colitis, 
carcinoma, diverticulitis, and chemical stricture all 
possess features of similarity in signs or symptoms and 
must be excluded. The prognosis is grave, death occur- 
ring either as a result of obstruction, complications, or 
intercurrent disease. 

Treatment by drugs, antigens, estrogens, diathermy, 
and solid carbon dioxide has not been successful in the 
authors’ hands. They have not used radium or roentgen 
irradiation, but feel that the results obtained in other 
clinics as observed in patients later seen by them were 
too poor to justify the procedure. Of the many opera- 
tive procedures, both major and minor, some type of 
extirpation seems the most effective, but the exact 
operation depends on the condition of the patient and 
the location of the stricture. Colostomy and the use of 
sulfonamides are recommended as preliminary measures 
to control secondary infection. The extensive experi- 
ence of these authors gives weight to their opinions, and 
the article will repay a reading in the original. 

Lewis G. Jacoss, M.D. 


Earle B. 


Cholecystoduodenocolic Membranes. 
Mahoney. Surgery 20: 704-717, November 1946. 

Many variations in the peritoneal reflections of the 
upper abdomen have been reported, as might be ex- 
pected from the embryology of the area. At operation, 
difficulty may be encountered in differentiating con- 


genital bands from adhesions. Also, associated gall- 
bladder, stomach, or duodenal disease may prevent 
accurate evaluation of the role played by these abnor- 
mal peritoneal attachments. 

An extension of the normal hepatoduodenal ligament 
to include the gallbladder, second portion of the 
duodenum, and the hepatic flexure of the colon, one of 
the most common anomalies, is known as the cholecys- 
toduodenocolic fold. In this report, an attempt is made 
(1) to illustrate its rarity as a cause of serious symptoms 
in patients seen at Strong Memorial and Rochester 
(N. Y¥.) Municipal Hospitals, and (2) to evaluate its 
role in upper abdominal symptoms. 

Various authors have reported ‘‘cystocolic folds” in 
from 15 to 30 per cent of consecutive autopsies. How- 
ever, records of the hospitals mentioned above since 
their opening in 1926 show only 18 cases in which chole- 
cystoduodenocolic membranes were considered to be 
the only cause of symptoms, proved at laparotomy. In 
7 of 100 consecutive cholecystectomies in 1940 con- 
genital bands were found associated with gallbladder 
disease, although a much larger percentage had in- 
flammatory adhesions. Thus, while these bands may be 
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of fairly frequent occurrence, they cause deranged 
physiology in only a small proportion of cases. . 

On the basis of symptoms, the author’s 18 cases were 
of three types (1) those suggesting gallbladder disease 
with intermittent attacks of right upper quadrant pain 
radiating around the costal margin to the back asso- 
ciated with nausea and vomiting and, in 2 hastuaene 
with intolerance for fatty foods; (2) those suggesting 
duodenal ulcer, with epigastric pain exaggerated by 
eating and frequently relieved by vomiting, but without 
the periodicity and food relief of duodenal ulcer symp- 
toms; (3) cases with vague upper abdominal pain sug- 
gestive of neither gallbladder nor duodenal disease 
All the patients had nausea and epigastric distress. 
none had jaundice or acholic stools. Right upper quad- 
rant or epigastric tenderness was the sole physical sign. 

X-ray findings included widening and irregularity of 
the second portion of the duodenum; localized narrow- 
ing of the descending loop of the duodenum with stasis; 
irregularity of the duodenal cap with pylorospasm; 
duodenal stasis; fixation together of the gallbladder, 
hepatic flexure of the colon, and duodenum; angular 
distortion of the duodenum; large atonic gallbladder 
with poor emptying; delayed emptying of the stomach; 
constriction of the colon at the hepatic flexure. Roent- 
gen diagnosis was not possible in all cases. Illustrative 
roentgenograms areincluded. Two excellent drawings 
show the operative appearance. 

Of the 18 patients, 13 are considered cured, 3 are im- 
proved, and 2 were not helped by operative division of 
the bands. Those with the most severe symptoms were 
all cured; those not helped had only vague complaints. 
Three typical case histories are summarized. 

J. E. WHITELEATHER, M.D. 


Calcareous Diseases of the Pancreas. Murrel H. 
Kaplan. New Orleans M. & S. J. 99: 203-209, Novem- 
ber 1946. 

A case of calcareous disease of the pancreas is pre- 
sented with good illustrations showing the roentgen 
appearances. A review of the literature follows, in 
which Snell and Comfort (Am. J. Digest. Dis. 8: 237, 
1941) are freely quoted. The author repeats the per- 
tinent statement that “‘the diagnosis of disease of the 
pancreas would be far more common if the physician 
would remember that his patient had a pancreas.” 

Sypney F. Tuomas, M.D. 


Diffuse Calcification of the Pancreas. Franklin R. 
Nuzum. J. A.M. A. 132: 574-575, Nov. 9, 1946. 

A case of diffuse calcification of the pancreas is pre- 
sented, which the author believes brings the total num- 
ber of recorded cases to 18. The patient, a 23-year-old 
male, made an uneventful recovery after the removal 
of the distal two-thirds of the pancreas, and diabetes 
has not developed. 

The author believes that it is unlikely that pan- 
creatic calcification is so unusual. It should be con- 
sidered in the diagnosis when diffuse abdominal pain is 
present, particularly when a history of repeated bouts 
of pancreatitis is given. A flat plate of the abdomen 
will establish the diagnosis. 


Pancreatic Lithiasis. Edward H. Fischer. J. 
Kansas M. Soc. 47: 455-458, October 1946. 

A case of pancreatic lithiasis in a man of 36 with 
diabetes mellitus is recorded. X-ray examination 
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tiple small opacities in the upper abdomen, 
eager to the twelfth dorsal and first lumbar 
vertebrae. These calcified deposits were irregular in 
outline and “formed a cast of the entire pancreas.” 
A year and a half later the deposits had increased in 
number but the diabetic condition showed little change. 
Ageneral discussion of pancreatic lithiasis is included. 
The typical pathognomonic finding in the disease is the 
demonstration of calcareous deposits in the pancreas. 
Anteroposterior and lateral views should be made of 
this region of the abdomen. The stones are usually 
dense, sharply outlined, multiple, and are grouped on 
both sides of the vertebral column. In most instances 
they are confined to an area bounded above by the 
upper level of the first lumbar or twelfth dorsal verte- 
bra and below by the lower border of the third lumbar 
vertebra. In the lateral projection they lie 2 to 3 cm. 
anterior tothe spine. Gallbladder visualization should 
be done to exclude gallbladder disease, particularly 
when the stones are of the multiple-faceted type. Intra- 
venous pyelograms will help to rule out calcification in 
a horseshoe kidney. 


Pancreatic Calculi with Associated Diabetes Mellitus. 
Lee Monroe and Leonard F. Jourdonais. J. A. M. A. 
132: 446-447, Oct. 26, 1946. 

A 46-year-old male, chronically addicted to alcohol, 
complained of colicky and constant abdominal pain of 
two days’ duration. The pain was of sudden onset, 
accompanied at the beginning by nausea and vomiting. 
It radiated to the back in the midline and to the lower 
part of the abdomen. 

Fifteen months earlier the patient had experienced a 
similar episode lasting three weeks. Gastroscopy and 
gastro-intestinal studies at that time were negative. 
The patient was found to have diabetes and was placed 
on a diabetic regimen, including 30 units of protamine 
zinc insulin. Within five months he was able to control 
his diabetes with diet alone and with one minor excep- 
tion had remained sugar-free till the present illness. 

At this time there was tenderness to deep palpation 
in the epigastrium, slightly to the right of the midline; 
under this area was a questionable mass. The liver was 
palpable two fingerbreadths below the right costal 
margin. Laboratory findings were essentially normal. 
Cholecystography revealed a normally functioning gall- 
bladder, though a number of small, dense, rounded 
shadows were visible to the right of the second lumbar 
vertebra. A gastro-intestinal film showed these to be 
located entirely within an enlarged C loop of the 
duodenum, and a diagnosis of true pancreatic calculi 
was made. 

Abdominal pain gradually subsided after five days in 
the hospital. However, 24 units of 2:1 mixture (regular 
to protamine) insulin and a diet restricted in carbohy- 
drate were necessary to control the diabetes at the time 


of discharge. 
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Disseminated Coccidioidomyoosis Localized in Bone. 
David Sashin, Gregory N. Brown, Norman C. Laffer, 
and Harold C. McDowell. Am. J. M. Sc. 212: 565-573, 
November 1946. 

In a small percentage of patients having a primary 
coccidioidomycosis infection, a secondary or dissemi- 
nated involvement occurs in various parts of the body. 


When the bone is involved, the clinical pattern of the 
disease frequently resembles a tuberculous infection. 

A colored male, aged 32, while stationed in Alaska, 
slipped on the ice and twisted his ankle. A few weeks 
later he complained of throbbing pain and swelling at 
the site of the injury. A roentgenogram revealed a 
destructive process in the lower end of the tibia, with 
erosion and elevation of the periosteum. Later, 
draining sinuses developed. Because the patient had 
spent eleven months in Arizona, a tentative diagnosis of 
coccidioidomycosis was made. A moderately severe 
reaction was obtained with the coccidioidin skin test. 
Biopsy of a large painful femoral lymph node revealed 
Coccidiowdes immitis. The patient improved following 
use of a vaccine. 

Another colored male, aged 22, complained of pain, 
swelling, and discharge from the left great toe. A box 
had fallen on his foot, and a month later the toe was 
swollen and three draining sinuses were present. 
Roentgenograms showed an irregular destruction of the 
distal phalanx. No pus was encountered at operation. 
This patient, too, had spent eleven months in Arizona, 
three years before his present illness. At that time he 
was hospitalized for an undetermined fever. Cocci- 
dioidin skin tests were negative, but complement- 
fixation tests were positive. The sedimentation rate 
was increased, and the patient ran a low-grade fever. 
The soft tissues about the wound were excised and the 
wound was curetted. A diagnosis of coccidioidomycosis 
was returned by the laboratory. This patient later died 
of disseminated lesions. BENJAMIN CoPpLEMAN, M.D. 


Present Concept of Osteochondrosis of Growth. 
Isidoro Pascau. Rev. cubana pediat. 18: 412-424, July 
1946. 

The various lesions described by Osgood and Schlat- 
ter, by Kéhler, by Legg, Calvé, and Perthes, and others, 
are in some cases characterized by osteochondral 
ischemic changes at points of growth in full osteogenic 
activity. The author of this paper believes they should 
not be called epiphysitis, or apophysitis, or indeed any 
kind of itis, since no inflammatory factor is encountered 
in these purely aseptic lesions. He prefers the term 
“osteochondrosis” and completes the designation by 
adding the bone or region in which the lesion is located, 
as “osteochondrosis of the capital epiphysis of the 
femur,” “‘osteochondrosis of the tarsal scaphoid,”’ etc. 

After relating the various theories of causation of 
dyschondroplasia—traumatic, vascular nervous, con- 
genital, embolic, rachitic or avitaminic—the author 
concludes that it is the ischemia of the affected region 
which produces aseptic necrosis of the epiphyseal and 
apophyseal nuclei. This, he believes, is probably the 
correct explanation for the cause of this affection. 

James T. Case, M.D. 


A Roentgenographic Study of “Bends” and “Chokes” 
at Altitude. W.L. Burkhardt, H. Adler, A. F. Thometz, 
A. J. Atkinson, and A. C. Ivy. J. Aviation Med. 17: 
462-477, October 1946. 

This study was made to ascertain whether x-ray- 
visible gas might throw some light on the cause of the 
pain in “‘bends.’”’ Subjects, chiefly 7, who were known 
to be susceptible to bends, were repeatedly exposed toa 
simulated altitude of 38,000 feet, where a standard 
exercise using the legs and arms was performed every 
ten minutes. Four hundred roentgenograms were 
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made of symmetrical joints when one was afflicted with 
pain (bends). Because the knee was chiefly affected, 
280 roentgenograms were made of that joint, including 
ground control films and films at altitude with and with- 
out bends. In most instances in which the knee was 
involved, both joints were filmed in such a manner as to 
reveal the growth of gas bubbles and any changes 
associated with variations in pain. 

The presence of pain and gas was approximately 
equally distributed between the two knees. The pain 
was not related to the gas found in the joint cavities, 
bursae, or vaginal sheaths. Extra-articular collections 
of gas were located as frequently anterior as posterior 
to the femur and knee joint. Pain occurred as fre- 
quently with anterior as with posterior collections, since 
gas was usually present in both locations. No correla- 


tion was found between the amount of gas, as meas- 
ured on the lateral films by a planimeter, and pain 
Pain was always present, however, when the area of the 


gas measured exceeded 0.9 sq. in. 

In only 22 instances was a roentgen picture charac- 
teristic of bends obtained. In these cases a large pocket 
of gas was present in the popliteal space, extending up- 
ward as streaks 5 cm. or longer, apparently dissecting 
one or more fascial planes. 

“Bubbles” almost always occurred from 
fifteen minutes after reaching altitude or after the 
first or second bout of exercise, and in all but 2 of 13 
instances had increased in size when pain occurred. In 
15 instances pain was present in a joint when no x-ray 
detectable gas was present. Partial denitrogenation 
(30 minutes) appeared to bring about a greater decrease 
in the incidence of bends than in the amount of gas 
collected (49 films), though the evidence was inadequate 
to prove the point. 

Two men, exposed 69 and 11 times respectively, had 
a “critical focus’ in that pain and gas uniformly de- 
veloped in precisely the same location. In the remain- 
ing subjects the occurrence of bends in the presence of 
x-ray-detectable gas appeared to be a matter of chance. 

The authors believe that whether pain is produced by 
a gas bubble or bubbles depends on the chance location 
of the bubble at a point in extra-articular tissue where 
nerves or nerve endings are readily distorted. Chance 
location does not apply, however, to subjects with a 
proved ‘‘critical focus’’ or who manifest the character- 
istic roentgen picture cited above. 

Chest films were made of 3 individuals who had 
“‘chokes,’’ 27 in the absence and 4 in the presence of 
symptoms. 

Definite enlargement of the maximum transverse 
diameter of the heart was observed in one man with 
symptoms of severe ‘“‘chokes.” 


five to 


Sudeck’s Atrophy. H. A. Sweetapple. M. J. 
Australia. 2: 581-584, Oct. 26, 1946. 

This is a review of the clinical features, etiology, and 
treatment of Sudeck’s atrophy, with results as gleaned 
from the literature. No new theories are compounded. 
Nor are any new features presented except that obvi- 
ously the author believes that the disease is of reflex 
nervous origin and involves the sympathetic nervous 
system. 

A Case of Melorheostosis. A. David Le Vay. Brit. 
J. Surg. 34: 211-212, October 1946. 

A fourth case of melorheostosis is added to the three 
previously recorded in the British literature. The con- 
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dition was an accidental roentgenographic discovery 
in a boy of nine with mild knock-knee. Roentgeno- 
grams are reproduced showing involvement of the left 
ischium, the outer half of the lower femoral epiphysis 
both fibular epiphyses, the talus, cuneiforms, and the 
third and fourth metatarsals and phalanges, all on the 
left side. 


Radiological Diagnosis of Lumbar Intervertebral 
Disc Lesions. A Report on 160 Cases. H. W. Gillespie. 
Brit. J. Radiol. 19: 420-428, October 1946. 

The author of this paper is in agreement with Dandy 
and others that confirmatory evidence of disk lesions 
may be obtained in so high a percentage of cases bya 
study of ordinary spinal films that myelography should 
be reserved for cases such as spinal tumors X-ray 
examination of the spine alone, however, is not sufficient 
for diagnosis or localization of disk lesions but must be 
considered in conjunction with the history and physical 
findings 

The present report concerns 160 cases diagnosed 
clinically as disk lesions and subsequently verified at 
operation. In 33 per cent of these the x-ray examina- 
tions gave no information to support the clinical 
diagnosis; the remainder showed pathological findings, 
some of little help, possibly of an accidental nature, 
while some—about half of the 160—were strongly in- 
dicative of a disk lesion. 

The most significant roentgen finding was narrowing 
of the cartilage space between two vertebral bodies. 
Forty-one of the cases showed such narrowing between 
L5 and Sl, and in 39 of these (95 per cent) operation 
showed a prolapsed disk at this point; in the remaining 
2 the protrusion was between L4 and L5. Nine cases 
showed a decreased space between L4 and L5, with 
operative confirmation in 8 (89 per cent) while in the 
ninth the protruded disk was between L5 and SI. 

The second most significant roentgen sign of disk 
herniation is localized hypertrophic fringe formation 
adjacent to the involved disk. Sixteen cases showed 
hypertrophic fringing between L5 and S1, and in 11 of 
these (69 per cent) the herniated disk was found at that 
site, while in the other 5 the protrusion was between L4 
and L5. In 12 cases there was fringing between L4 and 
L5, and in 7 of these (58 per cent) the roentgen localiza- 
tion was confirmed, while in 5 the lesion was between 
Lib and S1. 

The majority of the patients having these two signs 
were under forty years of age. In older people the signs 
are not so reliable, as they may be the result of simple 
osteoarthritis, tuberculosis, or spondylitis due to 
specific organisms such as the typhoid bacillus and 
staphylococci. 

Three other signs may be observed, but they are of 
less significance: congenital anomalies, loss of lumbar 
lordosis, and lumbar scoliosis. These may be coinci- 
dental and unless marked should not be regarded as of 
much importance. The scoliosis may be curved toward 
or away from the lesion 

Careful technic must be observed in examinations of 
the lumbosacral spine. First, survey anteroposterior 
and lateral views should be taken. After inspection of 
these, further studies are made as indicated. These 
consist of lateral views over L4 or L5, depending upon 
the suspected site of the lesion, a special anteropos- 
terior view of the suspected area with the tube angu- 
lated 15 degrees toward the head, right and left oblique 
views, a lateral view with the patient erect and the spme 
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in full flexion, stereoscopic views, _and occasionally 
tomography. Sometimes a ‘close-up "is of value, made 
with a short target-film distance, which allows a mag- 
nified view with greater detail. 

SypNEyY J. Haw.ey, M.D. 


Osteomalacic Dissolution Zones and Obscured Frac- 
tures of the Spinous Processes of the Vertebrae. 
Luigi Belloni. Schweiz. med. Wchnschr. 76: 1107 
1109, Oct. 26, 1946 

The author reports a fatigue fracture of the spinous 
processes of the 6th and 7th cervical vertebrae occurring 
in a woman of 61 years whose bones had become de- 
mineralized following a hemiparesis. The spinous 
processes were removed, and the microscopic study 
showed the radiological zones of dissolution (‘‘Looser- 
zonen”) to be zones of callus formation. Belloni be- 
lieves these fractures are identical with the so-called 
“shovel fracture,”’ except that the causative strain was 
much less than in normal bone because of the demineral- 


ization. Lewis G. Jacoss, M.D. 


Nonrachitic Bowlegs in Childhood. Osteochondrosis 
Deformans Tibiae. Donald W. Leonard and Louis 
Cohen. J. Pediat. 29: 477-484, October 1946. 

The authors describe a definite type of non-rachitic 
bowlegs in childhood, with clinical and x-ray findings 
sufficiently characteristic to justify its classification as 
an entity under the designation osteochondrosis de- 
formans tibiae or ‘‘tibia vara.’’ An abnormal angula- 
tion at the proximal metaphysis of the tibia is the main 
feature of this disorder and the cause of the gross de- 
formity recognized as bowlegs. The shaft of the tibia is 
straight. The true nature of the deformity and its lack 
of any relationship to rickets can be demonstrated 
clinically and by x-ray in both the infantile and adoles- 
cent types. [For a description of the roentgen features 
the reader is referred to Barber (Am. J. Dis. Child. 64: 
831, 1942).] The first type can be corrected without 
surgery but the second yields only to radical methods, 
such as osteotomy. A plan of treatment of the infantile 
type, based on the fact that bones in early childhood 
are still malleable, is presented. It consists of three 
stages: (1) immobilization in plaster until the bones 
have softened, (2) gradual correction of the abnormal 
angulation by wedging of the casts, and (3) resumption 
of activity with the protection of braces until the 
abnormal growth process has become static. 


Perthes’s Disease and Its Occurrence as a Familial 
Condition. Elizabeth McComas. M. J. Australia 2: 


584-585, Oct. 26, 1946. 


Four cases of aseptic necrosis of the head of the femur 
are reported in one family, two brothers, a sister, and the 
four-and-a-half-year-old son of one of the brothers 
being affected. This series of cases is ot further interest 
in that three distinct stages of the disease are repre- 
sented. The child was seen in a very early stage, having 
had no clinical symptoms when the diagnosis was made; 
the left femur only was involved, but examination of the 
right femur revealed a certain degree of coxa vara, and 
it is believed possible that a familial tendency to a de- 
creased angle of the femoral neck may be of some sig- 
nificance in these particular cases. The younger of the 
two brothers, aged twelve, was still in the stage of frag- 
mentation, though pronounced flattening of the heads 
of both femora had already occurred. The other two 


patients showed the final picture. In one of these the 
condition was definitely bilateral; in the other a diag- 
nosis of unilateral disease had been made, but there was 
some coxa vara on the opposite side as well 

SypNeEy F. THomas, M.D. 


Ossification of the Coracoclavicular Ligament Fol- 
lowing Dislocation of the Acromioclavicular Articulation. 
Arthur B. Soule, Jr. Am. J. Roentgenol. 56: 607-615, 
November 1946. 

Of a series of 18 patients with dislocation of the 
acromioclavicular articulation, 14 subsequently showed 
osseous deposits in the coracoclavicular ligament. This 
ligament consists of two fasciculi—the conoid and trape- 
zoid ligaments. It anchors the clavicle securely to the 
coracoid process. It has been likened to a stout cord 
by which the scapula, and with it the whole upper ex- 
tremity, is suspended from the outer end of the clavicle. 

Dislocations of the acromioclavicular joint are de- 
scribed as incomplete or complete, the latter term being 
applied when the coracoclavicular ligament is severed. 
Ossification of the ligament is seen more commonly in 
dislocation of the complete type. Speed (A Textbook of 
Fractures and Dislocations. Lea & Febiger, 3d Ed., 
1935) believes that it results from tearing of the 
periosteum and the irritation from too early movement 
and use of the joint. * 

Anteroposterior roentgenograms of both shoulders in 
the upright position with a 20-pound weight in each 
hand will demonstrate widening of the injured joint and 
elevation of the acromial end of the clavicle. Ossifica- 
tion of the coracoclavicular ligament has been observed 
as early as twenty-two days following injury. It usually 
appears as a group of amorphous, cloudy areas of light 
density below the outer third of the clavicle, frequently 
near the conoid tubercle and usually closer to the 
clavicle than to the coracoid process. These areas in- 
crease rapidly in size and density and within several 


s weeks take on definite characteristics of bone, this being 


laid down in strands and spicules corresponding more or 
less to the lines of the fibrous strands of the conoid and 
trapezoid fasciculi. The bone frequently becomes 
attached to the clavicle above, but rarely becomes con- 
tinuous with the coracoid process below. If ossification 
has not appeared within six weeks, it probably will not 
occur. The process is not one of calcification but is a 
true ossification within the ligament. It does not 
appear to contribute to the disability of the patient 
Numerous illustrations of the condition are supplied. 
along with case reports. 
CLARENCE E. WEAvER, M.D. 


Congenital Dislocation of the Hip. Lorenzo Expésito 
and Hugo Gonzales. Rev. cubana pediat. 18: 434-444, 
July 1946. 

It is of great importance that early diagnosis of a 
congenital dislocation of the hip be made. The de 
formity may easily pass unnoticed in early infancy and 
make itself evident only when the child commences to 
stand up and walk. As yet the exact etiology and patho- 
genesis are unknown 

Congenital dislocation of the hip presents a variety of 
pathological changes, depending on the grade and type 
of luxation as well as its duration. These changes in- 
volve both the head of the femur and cotyloid cavity. 
When the dislocation occurs toward the iliac bone, the 
process causes flattening of the femoral head, especially 
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in its anterior surface; the femoral neck is projected in 
anteversion, and the angle it forms with the transverse 
plane tends to become rectilinear. The cotyloid cavity, 
whose anterior surface is normally smooth and uniform, 
is roughened by the cartilaginous changes representing 
the three primitive epiphyseal points which do not com- 
plete their development. This widens the cavity, inter- 
fering with perfect adaptation with the head of the 
femur. Furthermore, in place of being directed down- 
ward, the cotyloid cavity is directed outward, and the 
margin is much atrophied, especially in its upper por- 
tion, adapting itself more or less to the new position of 
the femoral head. Thus in the course of time there is 
formed a false acetabulum. 

Attempts have been made to recognize congenital 
dislocation of the hip radiographically shortly after 
birth—even before its actual appearance. This poten- 
tial luxation manifests itself by means of the angle 
which is formed by the horizontal plane with the plane 
of the acetabulum. When this angle is greater than 30 
degrees, the defect should be considered as present 
(acetabular index of Kleinberg and Lieberman). The 
affection is more common in the white race and in fe- 
males. It is usually unilateral. Stress is laid upon the 
necessity of early diagnosis to prevent invalidism. 

JAMES T. Case, M.D. 


Three Cases of Skeletal Changes Round the Knee 
Joint in Paratyphoid Fever in Infants. Gésta Forssman. 
Acta radiol. 27: 294-299, May 6, 1946. 

Although bone lesions as a complication of typhoid 
fever are reported, there are relatively few cases in the 
literature of bone lesions complicating paratyphoid in- 
fection. The author reports three cases in refugee in- 
fants from one and a half to four months of age. The 
clinical courses and roentgen findings were similar and 
the organism was obtained from the bone lesion in each 
of the cases. All three patients recovered in from two to 
three months. 
was a localized destructive process in the metaphysis of 
the tibia varying from the size of a pea to the size of a 
coffee berry and surrounded by sclerotic reaction, with 
an associated periostitis and evidence of soft-tissue 
abscess. Roentgenograms are included. 

ELIZABETH A. CLARK, M.D. 


Arthrodesis of Subtalus and Midtarsal Joints of the 
Foot: Historical Review, Preoperative Determinations, 
and Operative Procedure. R. PlatoSchwartz. Surgery 
20: 619-635, November 1946. 

The author has made an extensive search of the litera- 
ture since 1870 for reports relating to correction of de- 
formity and instability of the foot resulting from 
trauma, infection, disordered nerve impulses, or con- 
genital influences. Arthrodesis is indicated whenever 
deformity with or without instability is accompanied by 
a laterally stable astragalus. 

The development of the various technics for surgical 
fixation of one or more of the tarsal joints is traced to 
the present time. Results vary widely with different 
surgeons, and even with the same operator. A method 
of preoperative analysis is proposed, for more accurately 
determining the amounts of bone and cartilage to be re- 
moved. “Maximum correction of deformity is depend- 
ent upon (1) the accuracy of preoperative analysis and 
(2) the precision with which bone and cartilage are re- 
moved at each articulation.” Application of the 
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method is designed to provide a preoperative Picture of 
the best relationship that can be obtained between the 
bones of the foot. 

This concept is expressed in the reconstructed tracin 
of the preoperative lateral film of the deformed aor 
An accurate tracing is made of the mediolateral view. 
This is cut into three parts and superimposed, as shown 
in the illustrations, on a base line, so as to provide the 
most desirable relationship of the bones. The Over- 
lapping areas then indicate the exact amounts of bone 
and cartilage which must be removed in each plane of 
the Operation. Superimposition of the preoperative 
tracing over a postoperative view allows for comparison 
of the effectiveness of the restoration as planned. Re. 
productions of the superimposed tracings are not too 
good, but the principles of the method are quite clear. 

Illustrations of the operative procedure are included, 
A single incision is proposed, extending from the 
lateral aspect of the navicular, downward and backward 
lateral to a midpoint of the anterior end of the os calcis, 
thence upwards and backwards just posterior to the 
fibula, ending about 1 inch proximal to the distal end of 
the fibula. 

Results are reported of corrective operations on 45 
feet wherein preoperative analysis and the single in- 
cision were used, as compared with 21 patients in which 
they were not utilized. The end-results in the 45 cases 
are described as “‘uniformly superior.” 

J. E. WHITELEATHER, M.D. 


GYNECOLOGY AND OBSTETRICS 


Superiority of the South African Negro or Bantu asa 
Parturient. O. S. Heyns. J. Obst. & Gynaec. Brit. 
Emp. 53: 405-429, October 1946. 

To this study of parturition in African natives the 
author adds an appendix describing studies made to 
supplement his previous observations on pelvimetry 
(J. Obst. & Gynaec. Brit. Emp. 52: 148, 1945. Abst. 
in Radiology 46: 306, 1946). Twenty dried Bantu 
female pelves for which the true measurements were 
known were radiographed, with the brim horizontal, to 
determine the accuracy of the method described in the 
earlier paper. The majority of errors in calculation of 
the interspinal diameter were less than a millimeter, the 
mean error being 0.0995 cm. For the brim transverse 
diameter the average error was —0.589 cm. Calcula- 
tions of the true conjugate, on the other hand, showed 
a mean increase, over the actual measurement, of 0.289 
em. The average calculated brim area was 6.39 sq. cm. 
less than the true planimeter area, the mean percentage 
of error being —5.67. The calculated area of the cavity 
exceeded the true area in half the cases and was less than 
the true area in half, the mean error being —1.5 sq. cm. 
Since the conjugate as determined radiographically is 
on the average about 3.0 mm. more and the transverse 
diameter about 6 mm. less than the actual measure- 
ments, the calculated brim index will be higher than is 
really the case. 


THE GENITO-URINARY SYSTEM 


Has the Cystoscope Maintained Its Revered Position 
of Former Years? Nathan Blaustein. Urol. & Cutan. 
Rev. 50: 595-604, October 1946. 

The author believes that the x-ray examination has 
assumed a position in the field of urology equal to, if 
not greater, than that of cystoscopy. In this paper he 
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describes a roentgenologic sign of tuberculosis of the 


genito-urinary tract which he has designated ‘‘incline 
bladder” and discusses the factors involved in its pro- 
duction. It consists in a “splinting’’ of the bladder wall 
on the affected side (whether the lesion is in the kidney, 
ureter, or bladder, the picture is the same). The 
musculature is in a high degree of spasm, rigid and un- 
yielding, and instead of the globular roundness seen in 
the normal bladder there is a sharp flatness beginning at 
the dome and ending at the base. 

A 2.0 or 2.5 per cent solution of sodium iodide is 
adequate for demonstration of this phenomenon. 


Late Effects of Battle Wounds in the Genito-Urinary 
Tract. Lloyd E. Hawes. J. Urol. 56: 561-583, 
November 1946. 

This report on the late roentgenographic changes in 
the genito-urinary tract from gunshot wounds is based 
on the personal interpretation of roentgenograms on 
40,000 soldier patients and about 3,000 pyelograms from 
a large Army General Hospital in the United States. 
All the cases studied were casualties of at least three 
weeks duration, from the European and Pacific thea- 
ters and were followed until convalescence. The resid- 
ual changes on discharge of the patient up to two years 
after injury are summarized. In most cases other parts 
of the body were injured simultaneously with the genito- 
urinary tract. 

The changes observed are discussed in separate sec- 
tions for the kidney, ureter, bladder, and urethra, and 
representative cases are reported and roentgenograph- 
ically illustrated. No statistical analysis is attempted. 
However, a concise outline lists the late roentgenologi- 
cal changes seen by the author as well as a few other 
changes reported .in the literature. Under kidney are 
listed such main changes as loss of substance, distortion 
of the drainage system, hydronephrosis and/or pyelo- 
nephrosis, retained foreign body, extravasation of dye, 
calculi formation, calcification of perinephric tissues. 
Under ureter are listed, stricture, fistula to skin and 
bowel, adhesions, renal stone formation above stricture, 
and displacement; under bladder, change of shape and 
position, calculi formation, change in muscle tone due 
tocord bladder; under urethra, stricture, variation in 
course and caliber, and fistula. Attention is drawn to 
the fairly frequent occurrence of renal calculi formation 
unilaterally and bilaterally during prolonged bed rest 
in orthopedic patients, as well as in other cases, as ure- 
teral structure. 

The variety and diversity of the late changes are 
considerable, and recognition of the types of scarring or 
deformity of any part of the genito-urinary tract should 
prove of value, the author feels, in dealing with any 
discharged soldier presenting himself with a urological 
problem. However, some of the changes are not asso- 
ciated with symptoms and may confuse the interpre- 
tation of abdominal films and pyelograms years after a 
gunshot wound has healed. 

Davip S. MALEN, M.D. 


Wilms’s Tumor in a Horseshoe Kidney. E. J. Mc- 
Ginn and J. M. Wickham. J. Urol. 56: 520-524, No- 
vember 1946. 

; The authors present a case of Wilms’ tumor occurring 
ma horseshoe kidney. A review of the literature re- 
vealed only 2 similar cases. Eliason and Stevens (Ann. 
Surg. 119: 788, 1944) reported a case of Wilms’ tumor 
arising from the upper pole of the left segment of a 


horseshoe kidney, and Rose and Wattenburg (Urol. & 
Cutan. Rev. 49: 365, 1945) described a Wilms’ tumor 
occurring in the isthmus of a horseshoe kidney. Both 
patients were successfully operated upon. 

The present case occurred in a 2-year-old girl. Symp- 
toms were noted two months prior to admission. Treat- 
ment consisted of irradiation to a huge tumor occupying 
the left side of the abdomen, followed by operation. 
In a three weeks period the patient received a total of 
4,000 r equally divided between anterior and posterior 
fields. Treatments were given daily, one area per day, 
with 190 kv., 15 ma., 50 cm. distance, a 10 X 15 cm. 
port, and 200 r per area. At the completion of the 
course, there was a marked regression in the size of the 
tumor. 

Operation two months after completion of irradiation 
revealed a Wilms’ tumor in a horseshoe kidney, involv- 
ing the lower poles of the left and right segments of the 
kidney and the isthmus as well. The lesion was re- 
moved en masse, leaving only the superior portion of the 
right kidney intact. The patient died after discharge 
from the hospital, presumably from uremia. 

The treatment of Wilms’ tumor will always evoke 
controversy among urologists and radiologists. Three 
points of view are cited. (1) Ladd (Ladd and White. 
J. A. M. A. 117: 1858, 1941) from the Children’s Hospi- 
tal of Boston removed 22 Wilms’ tumors in a period of 
eight years with no operative mortality, in spite of the 
fact that no preoperative irradiation was given to re- 
duce the size of the tumor. He believes that distant 
metastases may occur in the three to six weeks interval 
during which irradiation is administered prior to ne- 
phrectomy. About 25 per cent of his patients have sur- 
vived long enough to be considered cured. (2) Priestley 
and Schulte of the Mayo Clinic (J. Urol. 47: 7, 1942) re- 
ported that 39 patients had been operated on for Wilms’ 
tumor in that institution. These had been treated in 
various ways with respect to irradiation and surgery. 
Of the entire 39 patients, 6 lived five or more years fol- 
lowing surgery, a survival rate of approximately 15 
per cent. In the experience of these writers, nephrec- 
tomy with preoperative and postoperative irradiation 
has given the best results. (3) The present authors 
state that they are accustomed, as noted in the case re- 
ported, to use preoperative irradiation and then per- 
form nephrectomy in six to eight weeks. The fact that 
the tumor occurred in a horseshoe kidney did not alter 
the management of the case in this instance. 

MARLYN W. MILLER, M.D. 


Triplicate Ureter. Irvine Smith. Brit. J. Surg. 34: 
182-185, October 1946. 

The author reports a case of triplicate ureter in a 
child of six months. A cystogram revealed two widely 
dilated ureters on the left and retrograde pyelography 
showed a normal right ureter and pelvis. A left 
nephro-ureterectomy was performed and a third ureter 
was found arising from the lower pole of the kidney. 
Since only a single left ureteric orifice was demonstrable 
cystoscopically, it was assumed that the anomaly was of 
“trifid’’ type, the three components uniting just above 
or actually in the bladder wall. The three pelves arose 
separately, one above the other, in the middle plane of 
the kidney. 

The previously recorded cases of triplicate ureter are 
summarized, and the clinical and embryological sig- 
nificance of the anomaly is briefly considered. 
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Acute Interstitial Cystitis: A Clinical Entity. Charles 
Tahara, Carl Lechner and Elmer Hess. J. Urol. 56: 
535-543, November 1946. 

The authors describe an acute inflammatory lesion 
of the bladder wall characterized by the clinical syn- 
drome of urinary frequency, strangury, and hematuria, 
which they have termed acute interstitial cystitis. The 
condition appears to result from the inadequate treat- 
ment of certain lower urinary tract infections. 

Three cases are reported in which the condition fol- 
lowed inadequate penicillin therapy of a urethritis or 
prostatitis. In one case Staphylococcus aureus and a 
non-hemolytic streptococcus were isolated from the 
urine, but no organism was found by routine methods in 
the other two cases. Grossly the bladder wall, includ- 
ing the muscularis, appears highly inflamed, edematous, 
and hemorrhagic. Biopsy sections showed areas ot 
lymphocytic infiltration, capillary dilatation, and 
hemorrhage. The condition was cured in all cases by 
large doses of penicillin and arsenical therapy. 

The diagnosis can be made from the history and in- 
travenous urography and, therefore, it is believed that 
instrumentation should not be used. The urograms in 
each case showed a contracted bladder with very small 
capacity and over-dilatation of the ureters and pelves of 
the kidneys, the picture simulating tuberculosis, cancer, 
and chronic interstitial cystitis. 

JouN H. FREED, M.D. 


Double and Accessory Urethra. George W. Irmisch 
and Edward N. Cook. Minnesota Med. 29: 999-1002, 
October 1946. 

Two cases of double urethra are recorded. In one an 
accessory urethra 14 cm. in length was shown roentgeno- 
graphically to end in a blind pouch beneath the sym- 
physis pubis. The accessory canal opened on the 
surface of the glans penis but did not communicate with 
the bladder or normal urethra. 

The second case was more unusual. Here there was a 
complete duplication of the urethra associated with 
other urinary tract anomalies (bilateral duplicated 
renal calices, pelves, and ureters), as well as a fifth 
lumbar hemivertebra. The penis was single but gave 
the appearance of two incompletely formed organs 
which had fused. The point of fusion of the glans was 
marked by a cleft on the dorsal and ventral surfaces and 
each glans had a distinct urinary meatus. 


The Proven Ineffectiveness of the Compression Bag 
in Intravenous Pyelography. Hjalmar E. Carlson. J. 
Urol. 56: 609-611, November 1946. 

The author studied the use of the compression bag as 
an aid to pyelography in 20 thin young adult males, 
with exertion of as much compression as could be tol- 
erated. The device was found to be of no value in in- 
travenous pyelography. Despite the maximum pres- 
sure, x-rays taken in the erect position showed a rapid 
emptying of contrast medium from the renal pelvis. 
Poor pyelograms were obtained in the erect position, 
as compared with those obtained in the dorsal position ; 
the former in most cases defied interpretation. No ob- 
structive properties of a pressure bag on the ureters 
could be demonstrated. 

[Editor’s Note: A study of this subject, refuting 
Carlson’s conclusions, has recently been made by Her- 
bert R. Zatzkin, M.D., of the University of Michigan 
and will appear in a later issue of RADIOLOGY. } 

RICHARD C. Ripp_e, M.D. 





ABSTRACTS OF CURRENT LITERATURE 


September 1947 


THE BLOOD VESSELS 


Laminagrams of the Normal Azygos Vein. 
Gemignani. 
October 1946. 

The author, following the studies of Crane, Ottonello 
Meldolesi, Lequine, Turano, and others, states that 
postero-anterior roentgenograms will show the normal 
azygos vein in a large percentage of cases. The portion 
of the vein which is visible is that which crosses the 
right bronchus before emptying itself in the superior 
vena cava. This shadow is enlarged in cases of increased 
venous pressure due to cardiac decompensation and has 
been often confused with an enlarged lymph node. 
Laminagrams will demonstrate the shadow of the 
azygos vein much more clearly than plain roentgeno. 
grams, and the author presents a striking example. 

CESARE GIANTURCO, M.D, 


Vinicio 


Radiologia med. (Milan) 32: 381-385 


TECHNIC 


Method for the Evaluation of Calcium Therapy by 
Roentgenographic Technic. Henry M. Feinblatt and 
Edgar A. Ferguson, Jr. New York State M. J. 46: 
2297-2299, Oct. 15, 1946. 

Calcium supplementation is of importance not only 
in the treatment of rickets but also to promote good 
bony growth and the formation of normal teeth in the 
child. It is frequently used during pregnancy when the 
calcium demand is increased, and is occasionally em- 
ployed in endocrine and dietary diseases. The measure- 
ment of blood calcium levels has not provided an 
accurate index of the adequacy of calcium supplementa- 
tion, as there has been no constant rise with medication. 

By use of Wistar rats and the U. S. Pharmacopoeia 
XII procedure for the assay of vitamin D, rickets may 
be produced at will. The authors followed this method 
and studied the extremities of the rats radiographically. 
They found that on a calcium-free diet they could 
demonstrate a constant radiolucent transverse line at 
the region of the epiphyseal junction even when the 
animals were receiving a full supply of vitamin D. This 
occurred within ten days. When calcium was supplied 
in the amount of at least 0.7 mg. per 100 gm. body 
weight, at the end of the ten days the films showed 
normal epiphyseal closure. The results of the tests are 
in strict conformity with the results of the U.S.P. “line” 
test for assay of vitamin D, and the method has the ad- 
vantage that the rat is not destroyed, so that serial 
studies may be made. BERNARD S. KAvayytAn, M.D. 


Notes on an Elastic Radio-Opaque Injection Mass. 
Ralph Lum, Jr. Anat. Rec. 96: 165-181, October 1946. 

The formula for a glycerin-gelatin lead tetroxide mass 
which is radiopaque and possesses all the favorable 
features of latex emulsion without any of its disad- 
vantages has been developed for the arterial injection of 
human adult and infant cadaver material. 

A preliminary survey of the material from 11 adult 
and 14 infant injected bodies analyzed by stereoscopic 
x-ray films combined with dissection reveals potential 
value of this medium as a means for studying the epr 
physeal vascular patterns in infants and the normal 
abnormal gross vascular patterns in muscles, tendons, 
nerves, bones, and joints. 

A number of roentgenograms are reproduced. 
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RADIOTHERAPY 


NEOPLASMS 


Results Obtained by Contact Radiotherapy. Carlos 
Garciga. Rev. méd cubana 57: 638- 657, August 1946. 

Thirty-three tumors of the skin received contact 
therapy with different filters, varying from no filtration 
to2.5mm. Al. At the same time, 2 cases were treated 
at 200kv. Nineteen cases were healed. The remainder 
had to receive complementary irradiation at 120 kv. 
and 200kv. The author believes, from a practical point 
of view, that the same results could have been obtained 
by a low-voltage unit supplied with cones of different 
shapes, without greatly lengthening the time of treat- 


ment. James T. Case, M.D. 


Roentgen Therapy of Pituitary Adenomas. Simeon 
T. Cantril and Franz Buschke, Editors, Radiation 
Therapy Conference. West. J. Surg. 54: 403-407, 
October 1946. 

While roentgen therapy is accepted as the primary 
procedure of choice in pituitary adenomas, it is still 
necessary in each case to determine the respective indi- 
cations for irradiation and surgery. Irradiation has the 
advantage of no mortality and more permanent arrest 
of the tumor growth in successfully treated cases. It is 
futile, however, in the presence of a cystic tumor (and 
approximately 20 per cent of all pituitary tumors, in due 
time, become cystic). Also the progress of decompres- 
sion following irradiation is much slower than after 
operation, and this may be important if there is danger 
of blindness. In some instances, there may even be an 
increase of pressure due to reactive edema of tumor 
tissue, requiring surgical intervention. Treatment of 
pituitary tumors thus demands close co-operation be- 
tween the neurosurgeon and radiation therapist. 

Failure of radiation therapy may be due to cystic de- 
generation of the tumor, incorrect diagnosis, or inade- 
quate treatment. 

The authors have treated 10 cases by radiation since 
1939. Seven of the tumors were of the chromophobe 
type and 3 of the eosinophilic type. All of the 
patients with chromophobe tumors had associated 
visual disturbances prior to therapy. Two of the 7 cases 
have been treated too recently for evaluation. Of the 
other 5 patients, 3 are well, with normal eye grounds or 
stationary field defects, four years, twenty-one, and 
eight months, respectively, following therapy. Two 
died with advanced cystic lesions. The 3 patients with 
eosinophilic adenomas are all well—2 of them seven 
years and 1 nineteen months following therapy. In one 
case, normal menstruation recurred following irradia- 
tion. Maurice D. Sacus, M.D. 


Further Experience with Radiotherapy in Cancer of 
the Corpus of the Uterus. J. Heyman and Sven Benner. 
Acta radiol. 27: 328-333, May 6, 1946. 

The method of treatment of carcinoma of the corpus 
of the uterus since 1934 at the Radiumhemmet has been 
packing the uterine cavity with’ radium applicators. 
Surgical procedures have been done only after primary 
radiological treatment has failed. Of the 316 patients 
$0 treated, 205 or 64.9 per cent were alive and free from 
evidence of carcinoma after five years. Of the 354 pa- 
tients treated by other methods prior to 1934, 45 per 
cent were alive and free from evidence of neoplasm after 


five years. Further analysis shows that 17 per cent of 
the cured patients in the early group required opera- 
tions, while in only 10.7 per cent of the group treated 
by packing was hysterectomy necessary. Details of the 
method of packing and of the type of applicators are 
presented. ELIZABETH A. CLARK, M.D. 


NON-NEOPLASTIC DISEASE 


Rhinoscleroma: Observations Based on a Study of 
Two Hundred Cases. Esteban Reyes. Arch. Dermat. 
& Syph. 54: 531-537, November 1946. 

Rhinoscleroma is a disease involving the skin and mu- 
cous membrane of the nose, mouth, pharynx, and lar- 
ynx. It causes a thickening and overgrowth which 
makes the countenance of the patient resemble that of 
a rhinoceros or hippopotamus. The disease occurs in 
both sexes and is somewhat more common in women. 
It is apparently not transmitted and is not hereditary. 
It usually occurs between twenty and forty years of 
age, and runs a course of from eight to twenty years. 
Poor hygiene may be a factor. 

The disease may be divided into three stages. In the 
first or rhinitis period, the symptoms are those of acute 
coryza. There is a fetid nasal secretion and rhinoscopic 
examination reveals a reddened mucous membrane and 
a beginning hypertrophy of the nasal septum. In the 
second stage the coryza symptoms disappear and a 
thickening of the nasal septum, lips, and pharynx oc- 
curs. Waxy or reddish infiltrations appear around the 
nostrils. Later the larynx becomes thickened, causing a 
change or loss of voice. In the third stage the rhino- 
scleroma pushes the nose upward and laterally, causing 
monstrous deformities. The nose may be completely ob- 
structed. Tumor formations appear on the palate; 
further involvement of the larynx makes breathing dif- 
ficult. 

Rhinoscleroma has been treated by all sorts of drugs, 
none of which affects its course. Attempts at extirpa- 
tion and curettage only cause the infection to advance 
with greater rapidity. The only therapeutic agents 
which the author has found of avail are roentgen rays 
and azosulfamide. Roentgen therapy is given in doses 
of 200 r per day for seven consecutive days, with the 
following factors: 200 kv., 0.56 mm. Cu and 1.0 mm. Al 
filtration, and 50 cm. focal skin distance. Five series of 
treatments per year are given for two years in the first 
and second stages of the disease. In the third stage, 
“the prognosis for complete healing is reserved,’’ but 
the author has succeeded in keeping his patients in good 
condition, able to work and live a routine normal life. 

Joseru T. DANzER, M.D. 


Radium Therapy in Aerotitis Media. Page Northing- 
ton. U.S. Nav. M. Bull. 46: 1559-1567, October 1946. 

The author reports a series of 60 cases of aerotitis 
media in aviators treated by means of the radium 
applicator (50 mg.). Audiometric tests were done at 
some time after the acute stage of aerotitis media had 
subsided and repeated four weeks following the last 
radium treatment. Better ventilation of the ears with 
changes in atmospheric pressure was obtained in the 90 
per cent of the patients that received adequate treat- 
ment and were followed up, and usually there was im- 
provement in hearing acuity if the defect had been 
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recently acquired. The technic for using the applicator 
is described. 


Roentgen Treatment of Bursitis of the Shoulder. 
Barton R. Young. Am. J. Roentgenol. 56: 626-630, 
November 1946. 

Eighty-seven patients with bursitis of the shoulder 
were treated with roentgen therapy. Sixteen cases were 
acute (symptoms present one week or less), 23 were sub- 
acute (symptoms from one week up to two months), and 
48 were classed as chronic (symptoms longer than two 
months). Fifty-six of the 87 patients were females. 
The presence of calcium in the soft tissues of the shoul- 
der is of less importance than the history and clinical 
findings in the diagnosis of bursitis. In the subacute 
and chronic forms it is important to rule out the many 
other causes of chronic shoulder pain. 

The physical factors employed for therapy were 180 
kv., 8 ma., 0.5 mm. Cu plus 1.0 mm. Al filter, and 50 
cm. target-skin distance. The usual individual dose was 
150 r (in air). Acute cases received from one to three 
daily doses with an additional dose after one week if nec- 
essary. Many of the subacute cases received two treat- 
ments per week for a total of four treatments. Chronic 
cases were treated the same way or were given four 
treatments at weekly intervals. 

All but two of the patients with acute bursitis were 
relieved of pain, and the response to treatment was 
prompt. More than two-thirds of the subacute group 
reported complete relief in two weeks or less, and only a 
few were not benefited. In only one-third of the group 


with chronic symptoms was a good result obtained, and 
almost 50 per cent reported no relief of pain. Favorable 
results are not dependent on the disappearance of cal- 


cium deposits. The results with recurrent bursitis are 
comparable to those obtained in patients with initial 
attacks. CLARENCE E. WEAVER, M.D. 


Disseminate Lupus Erythematosus Unsuccessfully 
Treated with Penicillin, Roentgen-Ray Castration and 
Serum Albumin. John B. Johnson and Edward C. 
Mazique. Ann. Int. Med. 25: 859-862, November 1946. 

Because of a report by Rose and Pillsbury (Ann. Int. 
Med. 21: 1022, 1944) suggesting a possible relationship 
between ovarian function and lupus erythematodes, the 
present authors employed roentgen castration in addi- 
tion to other measures in a case of disseminated lupus 
erythematosus coming under their care. Treatment was 
unsuccessful and the patient, a Negro woman of thirty- 
two years, died after an illness of approximately ten 
months. 


A Pharmacological and Radiological Study of Hemo- 
philia. Marcus Ostroand David I. Macht. South. M. 
J. 39: 860-867, November 1946. 

This article is a study of the action of x-rays on blood 
coagulation in vitro and in v1vo, in experimental animals 
and in two human beings with hemophilia. Jn vitro ir- 
radiation of blood samples from both normal animals 
and the two hemophiliac subjects definitely shortened 
the clotting time as compared with normal non-irradi- 
ated controls obtained at the same time. It was also 
evident that the best thromboplastic effects are gleaned 
after exposure to x-rays passing through a composite 
filter equivalent to 2 mm. of copper. This effect in 
vitro is best produced with dosages ranging from 63 to 
105 r. Larger doses do not lead to greater diminution 
in clotting and may actually be less effective. The 
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same thromboplastic effect of x-ray was obtained by ex. 
posing the animal itself and also the human subjects to 
small doses of deeply penetrating x-rays. These find. 
ings justified a cautious and controlled study of X-ray 
treatment in the two hemophiliac subjects and it was 
found that in each instance, coagulation of blood sam- 
ples in vitro was accelerated and, what is more interest. 
ing clinically, a shortening of clotting time was observed 
for some days after exposure. The dosage in treating 
these patients was usually 63 r given over the spleen on 
three different dates two days apart. One treatment 
was given from the anterior aspect of the spleen, a sec- 
ond directed laterally, and a third posteriorly. 

As regards the systemic reactions of the two subjects, 
Mr. A., who was in normal health except for his hemo- 
philia, curiously enough suffered from roentgen sickness 
after each treatment. Mr. B., on the other hand, who 
was certainly in poorer health, had no particular reac- 
tion. The total amount of radiation received by Mr. A. 
in a period of eighteen days was 378 r, following which 
his health was excellent. In the case of Mr. B. the total 
amount of x-ray energy received over a period of 35 
days was 693 r after which, as he himself expressed it, he 
was feeling much better than for a long time before. 

The present report is, of course, a preliminary one and 
is given here in order to call attention to a new approach 
to the treatment of hemophilia, a condition for which 
there has hitherto been no remedy. Since the publica- 
tion of the paper the authors have treated 5 other hemo- 
philiac patients with x-ray, as described, and in each 
case there has been a marked shortening of the coagula- 
tion time, lasting for at least several days. 

Hucu O’NELLL, M.D. 


TECHNIC 


X-Ray Therapy with a Continuously Rotating Beam. 
Part I. Apparatus and Associated Physical Problems. 
R. J. Munson. Brit. J. Radiol. 19: 405-419, October 
1946. 

A logical extension of cross-firing with multiple beams 
is to have the beam rotate continuously about an axis 
passing through the lesion. This may be accomplished 
by rotating the patient with the beam stationary or 
moving the tube about a horizontal axis with the patient 
stationary. The latter is preferred by the author, as 
immobilization and theoretical distribution of the radia- 
tion may be obtained with greater accuracy. 

The apparatus and method of setting up the patient 
are described, and calculations for depth isodose curves 
for varying conditions are given in detail. As these 
cannot be adequately summarized in an abstract, a 
study of the original article is advised. 

The author demonstrates clearly that a more efficient 
distribution of depth dose with relation to skin dose and 
integral dose may be obtained by rotation. For e& 
ample, in a patient with an anteroposterior thickness of 
20 cm., being treated for carcinoma of the esophagus, 
with 6 stationary beams, 10 X 4 cm., a tumor dose of 
6,000 r will correspond to a maximum skin dose of 5,800 
r and an integral dose of 23 Mgr. With a rotating beam 
moving through 90 degrees and a 10 X 3 cm. port, 4 
tumor dose of 6,000 r will correspond to a maximum 
skin dose of 3,500 r and an integral dose of 18 Mgr. If 
the beam rotates through a complete circle, 360 degrees, 
the integral dose may be larger because of increased 
absorption where the depth of the tumor from the 
surface is greater. This increase may be important when 
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the integral dose is already equal to the maximum 
recommended value, and in these circumstances it 
would be better to arrange that the tube should rotate 
through one or more arcs of limited angular width and 
in such positions that the mean depth of the tumor is as 
small as possible. 

With the beam rotating through an arc, the distribu- 
tion is also influenced by the relation between the 
angular speed and the direction. Theoretically there- 
fore it should be possible to secure a wide variety of dis- 
tributions by changing the displacement time relation- 
ship. It is also possible to alter the distribution by 
centering the beam away from the axis of rotation, say 
at the edge of a tumor, which in some situations might 
give a more desirable distribution. The physical prob- 
lems presented by this arrangement are formidable, but 
are now being worked upon. 

SypNEY J. HAwLey, M.D. 


Points Regarding the “Time Factor” in Roentgen 
Irradiation with Divided Dosage. Hugo Ahlbom. Acta 
radiol. 27: 223-227, May 6, 1946. 

Attention is called to the recently published book by 
Strandqvist (reviewed in Radiology 46: 526, 1946) in 
which the cumulative effects of roentgen therapy and 
dosage fractionation were carefully studied in 280 cases 
of carcinoma of the face and lip. The results of treat- 
ment were plotted in respect to total dosage and dur- 
ation of treatment, and an iso-effect curve was obtained. 
Those cases in which severe reactions or late necrosis 
occurred and which therefore must have received an 
overdosage are found almost entirely above the curve, 
while most of the cases with recurrences fall below the 


curve. The optimum zone for therapy has the general 
shape of a parabola in the usual co-ordinate system. 

Reasoning from the curve thus obtained, certain prac- 
tical applications are pointed out: 

1. The incomplete cumulative effect of irradiation is 
illustrated, i.e., the cumulative effect is less marked with 
treatment of short duration than with treatment of long 
total duration. 

2. The value of protraction in treatment of long 
duration is questioned because the iso-effect curve rises 
so slowly as the time factor increases, and particularly 
when fractionation is carried through two or more 
weeks. 

3. Itis suggested that treatment should becompleted 
before severe erythema has developed, because of the 
increase in radiosensitivity of skin in a state of acute 
roentgen erythema. ELIZABETH A. CLARK, M.D. 


An Instrument for Calculating Roentgen Ray Doses 
from Condenser Chamber Readings. Sven Benner. 
Acta radiol. 27: 243-247, May 6, 1946. 

An instrument has been devised by means of logarith- 
mic scales and a triple setting mechanism to simplify 
dosage measurement from condenser chamber readings. 
The equation D = kd X La x =et 

’ b 293 
the roentgen dose; k& is a constant for each condenser 
chamber under standard conditions; d is the loss of po- 
tential observed; 5 and ¢ are the atmospheric pressure 
and temperature, respectively, of the chamber during 
irradiation. The instrument is described in detail and 
diagrams areincluded. ELizaABeTH A. CLarK, M.D. 


is solved. D is 


EFFECTS OF IRRADIATION 


The Connexion Between Roentgen Ray Risks for 
Workers and Changes in Their Blood Pictures. Matts 
Helde. Acta radiol. 27: 308-315, May 6, 1946. 

The Swedish Roentgen Ray Protection Law of 1941 
attempts to protect patients, personnel working with 
roentgen equipment, and others who may receive ex- 
posure. The law requires periodic inspection of offices 
and equipment and annual blood counts of personnel. 
The author presents a preliminary report on the find- 
ings. From the survey of more than 2,000 offices, tables 
for the risk-indexes were set up and the offices were 
classified and subdivided into four groups according to 
the factor for amount of exposure. When abnormalities 


in the blood studies were plotted against the four major 


risk groups, the correlation was found to be significant. 
It is also pointed out that anemia and leukocytopenia 
are injuries rather than premonitory changes, while 
hypersegmentation, granulocytopenia, pathologic 
lymphocytes and shift to the left are early changes and 
are important in indicating undue exposure. 

ELIZABETH A. CLARK, M.D. 


Importance of Sulfydryl in the Treatment of Corneal 
and X-Ray Burns. Archie E. Cruthirds. Am. J. Surg. 
72: 500-509, October 1946. 

Five years’ experience with the treatment of 500 cases 
of x-ray and corneal burns by the use of sulfydryl is 
reported. The burns were mainly facial, particularly 
inand about the eye. The author gives a concise review 
of previous experimental and clinical studies and relates 


these works to his own experiences. Function of the 
agent is related to the nutrition and/or oxidation effects 
in traumatized areas of skin. 

The material used was an aqueous solution in 
strengths of 1:20 or 1:40, with triple-distilled water as 
the vehicle. This was applied as a spray, continuous 
soaks, or drops. Ointment of similar strengths has also 
been beneficial. 

Of particular interest to radiologists are the reports 
on three specific cases: 

(1) X-ray burn between the inner canthus of the eye 
and nose, following therapy for skin carcinoma. The 
burn was described as being so severe that “‘surgery was 
considered.’’ Rapid favorable response with total heal- 
ing resulted after use of sulfydryl. 

(2) Spreading ulcer on the thigh, part of an x-ray 
burn extending from the inguinal region to the heel. 
Marked healing was obtained. 

(3) An ulcerated burn on a radiologist’s hand. Five 
years later the treated site was still completely healed in 
every way. 

This reparative agent is non-toxic and to all intents 
and purposes non-irritating. Visible attributes are the 
following: 

(1) Scarring is prohibited or greatly reduced. (2) 
Infection is prevented or eradication of existing in- 
flammation hastened. (3) Rapid epithelial growth 
occurs and smoothly covers injured areas. 

The results noted in the author’s report are enthusi- 
astic yet reservedly summarized. He urges further 
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clinical and experimental studies to arrive at a clearer 
understanding of underlying reasons for the beneficial 
effects so far found. Joseru P. Tomsuta, M.D. 


Use of Radon Ointment in the Treatment of Late 
Irradiation Ulcers. David Kirsh, J. Francis Mahoney, 
and Eugene P. Pendergrass. Am. J. M. Sc. 212: 395- 
403, October 1946. 

Until recently, radiation ulcers have proved notori- 
ously refractory to medical treatment. Uhlmann, in 
1930, first began to use radon ointment, and has since 
demonstrated its therapeutic value (see Radiology 38: 
445, 1942). The ointment, which is made by dissolving 
radon under pressure in lanolin, contains a very small 
amount of radioactive material. Ninety per cent of the 
radiation is composed of alpha particles, which are 
absorbed in the most superficial layers of the tissue. It 
is believed that capillary proliferation is stimulated in 
the ordinarily avascular bed of the ulcer. 

When late radiation ulcers are seen, a biopsy may be 
necessary to determine the presence of malignant 
change. Even a prompt response to radon ointment 
does not exclude such a possibility. 

Necrotic tissue, which will act as a barrier to the alpha 
particles, should be removed with zinc peroxide or 
sulfanilamide allantoin ointment for several days. The 
ulcer should be cleansed, debrided, and dried so that the 
application may be made as close as possible to viable 
tissue. The ointment is applied with a wooden tongue 
blade to a thickness of about 1 mm. evenly over the 
lesion, including a normal tissue margin. One cubic 
centimeter should suffice for 10 sq. cm. of a lesion. An 
airtight dressing, consisting of rubber dam, oil silk, or 
cellophane, is applied over the ointment. After a speci- 
fied time, the patient removes the dressing, and after 
a superficial cleansing, applies a bland ointment or 
a bactericidal preparation. 

The ointment is obtainable commercially in strengths 
of 100, 200, 500 and 1,000 electrostatic units per cubic 
centimeter. These correspond to the commercial alpha- 
trons 40, 80, 200 and 400 mc. per c.c. The concentra- 
tions are also graded—mild, moderate, strong, and 
special. The authors have used the 200 e.s.u. (moder- 
ate) ointment applied for eight hours once a week. Occa- 
sionally, applications have been made twice a week. 
The treatment extended from four to twelve weeks. 

One of the most striking features was the prompt re- 
lief of pain when the treatment was combined with 
methods for the control of the concomitant infection. 
An early response usually progressed to rapid and com- 
plete recovery. In some cases, however, persistence in 
treatment over a long time was required for complete 
healing. Meticulous control of infection, eradication of 
slough, and cleansing and dressing of a wound may yield 
gratifying results in what appears to be a hopeless 
situation. BENJAMIN COPLEMAN, M.D. 


Response of Tradescantia Pollen Grains to Radiation 
at Different Dosage-Rates. P. C. Koller. Brit. J. 
Radiol. 19: 393-404, October 1946. 

Pollen grains of Tradescantia (spiderwort) 
irradiated with x-rays at rates of 50, 5, 0.5 


were 
and 
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0.25 r/ min., and with gamma-rays at 5, 0.5, 0.25 and & 
0.1 r/min. The total dose in each instance was 200¢. 0 
The number of chromosome and chromatid breaks was 
counted in random samples of 20 metaphases out of x 
to 100 nuclei, usually from anthers of the same flower 
bud, and fixed at twenty-four, forty-eight, and seventy. 
two hours after irradiation. 

The most sensitive stage in the life cycle of the cel] was” 
found to be between twenty and thirty hours before 
metaphase and to correspond to the time of chromosome 
reduplication. There was considerable individual varia. © 
tion in the counts of cells fixed at twenty-four hours, 
presumably because the cells and chromosomes were ig 
the most susceptible condition when the radiation wag: 
given and fixation took place. More consistent counts: 
were found at forty-eight and seventy-two hours, : 

There was no evidence to show any difference in fre) 
quency of breaks after irradiation by roentgen or gamma | 
rays at the same dosage rate. The average number™ 
of breaks was less in samples fixed at seventy-two hours = 
after irradiation at 0.5 r/min. and for those fixed af 
forty-eight and seventy-two hours after 0.25 r/min. At” 
low dosage rates not only were the number of breaks" 
less but there was a smaller number of interchanges of : 
fragments. This suggests that at lower intensities some 9 
recovery takes place. With the lowest dosage rates, 0.1 7 
r/min. of gamma-rays and 0.5 and 0.25 r/min. of x-rays, © 
cell division was not suppressed. q 

Differences in environmental and developmental con- 7 
ditions can affect the frequency of breaks. These ex- 
periments were performed during two growing seasons, © 
1944 and 1945. There was significant difference in the © 
rates in the two years, although the other conditions of 7 
the experiment were the same. 4 

These observations suggest that the amount of 7 
damage to chromosomes depends to a great extent on 7 
the relation of the length of the life cycle of the cell to > 
the duration of irradiation. & 

SypngEyY J. Haw.ey, M.D. 


Effect of Extra Vitamin B Feeding on Rats Exposed © 


to Weak Gamma Radiation. G. M. Scott. Brit. J.” 
Radiol. 19: 329-332, August 1946. 

Rats were exposed to gamma radiation in doses 7 
varying from approximately 60 to 85 r per week for a~ 
period of four months. Studies were made on the | 
effect on weight gain and fertility with and without 7 
feeding extra vitamin B. 

Rats receiving extra vitamin B showed greater™ 
weight gain than the controls and their coats were in 
better condition. Rats receiving radiation but no 
extra vitamin gained less than the controls. j 

Both female and male irradiated rats were mated] 
with unirradiated. The irradiated females became — 
pregnant as often as normal, but there were many> 
cases of abortion, some died in parturition, and few of 
the litters were reared. These effects were not as pf@@ 
nounced in the rats receiving extra vitamin B. Ne 
offspring resulted from matings with irradiated male _ 


rats. SypNEY J Haw ey, M.D. 
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